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ABSTRACT
FORAGING STRATEGIES AND PREDATION EFFECTS OF 
ASTERIAS RUBENS AND NUCELLA LAPILLUS
by
JOHN ANNALA
The foraging strategies and predation effects 
of the gastropod Nucella lapillus and the asteroid 
Asterias rubens were investigated at four locations 
along the northern New England coastline. Both species 
actively foraged on open rock surfaces in the intertidal 
from May to November, their primary prey being the 
barnacle Balanus balanoides and the mussel Mytilus edulis. 
Laboratory feeding experiments indicated the "optimal" 
foraging strategy of both predators feeding on barnacles 
and mussels should be to select the largest prey items 
available. Both Nucella and Asterias consistently 
selected the largest individuals of these two prey 
species available in the field, resulting in considerable 
prey species and prey size overlap. Energetically,
Nucella should prefer Mytilus over Balanus. and Asterias 
should prefer the barnacles over the mussels. The con­
formity of field observations to these predicted patterns 
is discussed.
xiv
The results of removal experiments suggest that 
predation by Nucella had a significant impact on barnacle 
densities throughout the intertidal, with Asterias pre­
dation affecting the barnacles only in the vicinity of 
L W . Barnacle mortality caused by the two predators 
during any one month was quite variable, generally being 
lower for Asterias. The removal of Nucella resulted in 
an increase in size for Asterias, suggesting that compe­
tition for food as a limiting resource exists between 
these two predators near L W . Various mechanisms, such 
as the migration of Nucella higher into the intertidal 
and of Asterias subtidally during times of food scarcity, 
act to reduce the effects of competition. Predation does 
not appear to be important in the creation of free space 
in these communities, with other biological and physical 
factors being the main providers of this resource. These 
communities appear physically controlled, with physical 
conditions fluctuating widely and unpredictably, being 
a source of catastrophic mortality for both predatory 
and prey species.
Subtidally, Asterias actively fed throughout 
the entire year, the highest rates occurring from May 
to December. The starfish again selected the largest 
Mytilus of those available. Removal of Asterias and 
other predators from a subtidal piling community re­
sulted in no change in either numbers or dominance
xv
relationships of the major epifaunal species in the 
community. However, the survival of the mussels in­
creased in the absence of the starfish. Although pre­
dation was a temporary provider of free space, the 
most important source of substratum space was physical 
disturbance from wave action and floating debris. Upon 
the provision of space, the structure of the community 
was dependent upon the successful colonization by and 




Competition is known to be an important struc­
turing force in natural communities. Various factors 
such as biological (predation, dislodgement by grazers 
and algae) and physical disturbances (wave action, 
effects of floating debris) may alter the outcome of 
competitive Interactions in the marine environment.
These factors will have an effect only If they act 
selectively on the dominant competitor for the 
limiting resource.
The purpose of this study is to 1) investigate 
the foraging strategies and predation effects of the 
gastropod Nucella laplllus and the asteroid Asterias 
rubens along the northern New England coast; 2) examine 
the existence of competition for food between these two 
predators in the Intertidal; 3) determine predation 
effects on their primary prey species; 4) examine 
predation effects on the outcome of the competitive 
interactions between the species in their associated 
intertidal and subtidal communities.
This thesis is written in three parts. The first 
concerns the foraging strategies of and resource par­
titioning by Nucella and Asterias in the rocky inter­
tidal. The second examines the predation effects of and 
competition for food between these two species. The
1
2third describes the foraging strategy and predation 
effects of Asterias, as well as competition between 
the associated species, in a subtidal piling community.
jPART I. FORAGING- STRATEGIES OF ASTERIAS RUBENS AND 
NUCELLA LAPILLUS IN THE ROCKY INTERTIDAL.
INTRODUCTION
Pew studies have considered the foraging strategies 
and food utilization of marine Intertidal invertebrates 
(Feder, 1959; Paine, 1963; and Menge, 1972). This is partly 
a result of the physical difficulties encountered during 
intertidal sampling in all weather and the limited knowledge 
of life histories. However, knowledge of the foraging 
strategies of invertebrate predators is essential for a 
thorough understanding of the effects these predators have 
on the structure of their associated communities.
The gastropod, Nucella (=Thais=Purpura) lapillus 
and the asteroid Asterias 'rubehs (=vulgaris) are two of 
the major invertebrate predators in the rocky intertidal 
along the New Hampshire-southern Maine coastline. The 
primary prey of both, species are the barnacle, Balanus 
balanoides and the mussel, Mytilus edulis. The predatory 
activity of Nucella has been Investigated in the British 
Isles by a number of workers (Moore, 1938b; Connell, 1961a, 
1961b; Largen, 1967a, 1967b; and Morgan, 1972a, 1972b).
The feeding activity of Asterias was studied in subtidal 
areas of the northeast Atlantic by Vevers (19^9)» Hancock 
(19.58), and Gulliksen and Skjaeveland (1973)- Recently, 
the responses of Asterias from the northwest Atlantic to 
food, food extracts, and chemical stimuli were investigated 
by Zafiriou, Whittle, and Blumer (1972) and Zafiriou (1972).
To detect competition between sympatric species 
the degree of ecologic overlap must be assessed. Two 
important components are microhabitat and food overlap. 
Various measures have been suggested (MacArthur and Levins, 
1967; Horn, 1966; Schoener, 1968; and Holmes and Pitelka, 
1968), and put to recent use in determining the degree of 
overlap between species. Of greatest relevance to the 
present study are investigations determining overlap between 
the prey sizes consumed by sympatric predatory species 
(Holmes and Pitelka, 1968; Hespenheide, 1971; and Pulliam 
and Enders, 1971> studying birds; Schoener, 1968; and Pianka, 
1969, between lizards; and Brown and Lieberman, 1973> 
between seed-eating desert rodents).
Zaret and Rand (1971)3 in their study on tropical 
stream fishes, found that food overlaps among the fishes 
are at a minimum during the dry season, when food abundances 
are lowest. These minimum values were attributed to 
increased food and habitat separations during this season. 
These authors stress the importance of estimating food 
abundance, and more importantly "food availability", 
independently from food overlap, to determine relative 
levels of competition.
Theoretical considerations on the role of time and 
energy in food preference have been advanced by MacArthur 
and Pianka (1966), Emlen (1966, 1968), and Schoener (1969a, 
1969b). MacArthur and Pianka (1966) stated that organisms
having low search/pursuit ratios should be more restricted 
in their diet in a productive environment, whether the 
reason be high food density or increased mobility of the 
prey. Emlen (1966) stated that natural selection will 
favor the development of feeding preferences maximizing the 
net caloric intake per individual per unit time. When 
food is very scarce, optimal feeding calls for essentially 
all potential food items encountered to be devoured, 
whereas when food is very common, optimal feeding reflects 
maximum selectivity. However, Emlen (1968) further stated 
that while conditions of extreme food abundance lead to 
maximum selectivity, this specialization is not necessarily 
on the "superior" food in terms of the amount of energy 
obtained.
Schoener CL9.69a) predicted that in situations of 
food scarcity, predators are likely to be more generalized 
with, respect to food size, while when food is abundant, 
they may become more specialized on a particular food size. 
Following this line of reasoning, Schoener (1969b) contended 
that at high, food densities or low metabolic rates, special­
ists are favored over generalists, while at low food abun­
dances or high metabolic rates, generalists are favored.
Menge (1972) found in his studies on Leptasterias 
that large or calorie-rich prey, or both, which should be 
selected (the best prey) are generally not chosen, and small 
or calorie-poor prey, or both, are usually preferred.
Although Its feeding activity responds to a poor but pre­
dictable energy source, most energy for Leptasterias comes 
from energy rich or unpredictable sources. Therefore, he 
hypothesized that because of unpredictability of food 
availability, natural selection for the ability to capture 
and consume a wide assemblage of prey types causes the 
observed food generalization in this starfish.
But what about a predator whose choice is sometimes 
limited to one prey species, such as Nucella lapillus?
What is its strategy? Will it choose the largest prey 
individual of that species available when unable to select 
between various prey species which might offer it a choice 
between calorie-rich and calorie-poor prey?
Murdoch (I969K  in experimental work with predatory 
snails feeding on barnacles and mussels, demonstrated 
"switching" in these predators. He stated that if a pre­
dator had a weak preference for one of two prey species, 
and it could become trained or conditioned to whichever 
prey was abundant, it switched. Such an opportunity might 
be provided by a patchy distribution of prey species in 
nature. This theme was further treated mathematically 
and graphically by Rapport (1971) and Marten (1973)-
The purpose of this study was to 1) characterize 
the diets of the gastropod Nucella lapillus and the asteroid 
Asterias rubens; 2) characterize the feeding cycles of Nucella 
and Asterias in the intertidal zone relative to seasonal
cycles of prey species abundance and physical factors
3) examine the prey size selectivity of the predators 
in relation to patterns of prey size distribution;
4) determine the degree of overlap in food resource 
selection between the two predators; 5) describe the 
foraging strategies of these predators and compare 
them to existing theories.
SITE DESCRIPTIONS
The feeding cycles, prey preferences, and foraging 
strategies of Nucella lapillus and Asterias rubens were 
studied at three rocky intertidal areas along the Maine- 
New Hampshire coastline. The study sites were located 
at Port Stark, Newcastle, New Hampshire (43° 03' N, 70°
42* W); Nubble Light, York Beach, Maine (43° 08' N, 70°
38* ¥); and McClellan Park, Milbridge, Maine (44° 30' N,
67° 51’ W) (Figure 1-1). The following is a description 
of each individual site,(Figure 1-2).
Fort Stark —  Fort Stark is located at the southern 
entrance to Portsmouth, New Hampshire harbor, and is a 
relatively sheltered location. The intertidal zone is 
dominated by the barnacle Balanus balanoides, with Mytilus 
edulis being found in small numbers at or just below MLW. 
Three species of littorines, Littorlna littorea, L. obtusata, 
and L. saxatllls, as well as the limpet Acmaea testudinalis, 
are also in abundance. The dominant algae are Fucus sp. 
and Ascophyllum sp., with Chondrus crispus and Gigartina 
stellata occurring In the vicinity of MLW.
Nubble Light —  Nubble Light is located on the 
outermost tip of Cape Neddick, York Beach, Maine, and is 
a relatively exposed location. The Intertidal zone consists 
of a series of rock "steps", with horizontal rock platforms 
separated by vertical rock faces. Balanus balanoides is 
found primarily on the vertical rock faces In the vicinity







Figure 1-2. Zonation of main invertebrate and algal 
species at the three study areas on 
rock surfaces parallel to the shoreline 
(top), and cross-section of these sur­
faces taken perpendicular to the shore­
line to indicate surface contours 
(bottom). Species designations are as 
follows:
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of MW and HW. Th.e horizontal rock platforms are dominated 
by Mytilus edulis, with scattered clumps of B. balanoides. 
The three species of littorines and Acmaea are found here 
as well. Ascophyllum sp. Is the dominant alga on all rock 
surfaces at MW and HW, with, scattered clumps of Fucus sp. 
also present. Fucus sp. and Chondrus crlspus are abundant 
near LW.
Milbridge— McClellan Park Is located on the western 
shore of Narraguagus Bay In the town of Milbridge, Maine. 
This site Is also relatively exposed, and Is the most 
northerly of the three. The Intertidal region consists 
of a rock face with a slope of approximately 60°, dominated 
by the barnacle B. balanoides. A distinct zone of Mytilus 
edulis occurs In the vicinity of MLW, with scattered mussel 
clumps extending up to approximately MTL. The three species 
of littorines and Acmaea are also found here. The dominant 
Intertidal algal species are Fucus sp. and Ascophyllum sp., 
with Chondrus crlspus found In scattered patches near LW.
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MATERIALS AND METHODS
Each site was visited at least monthly during the 
period May, 1972, through October, 1973* The number of 
Nucella feeding were determined for each of three inter­
tidal heights (MLW, MTL, and HW) by randomly sampling 25 
to 50 snails found on both prey species (Balanus and Mytilus) 
at each height.
Nucella penetrates its prey through a characteristic 
borehole, and the presence of a partially or totally complete 
borehole in the shell of the prey was used as a criterion 
for feeding activity. Thus, whether the snail was just in 
the initial stages of prey penetration, when the borehole 
was being formed by the combined action of the accessory 
boring organ and radula, or whether it was actually removing 
the prey tissues, both conditions were scored as evidence 
of feeding activity.
The length of each specimen, predator and prey, was 
measured to the nearest 0.1 mm with vernier calipers. Nucella 
was measured from the tip of the spire to the aperture of 
the siphonal canal. The Nucella were returned to the lab­
oratory where the living wet weight, less the weight of the 
extra-visceral fluid,for each individual was determined 
CCoombs, 1973). The size of each Balanus was measured 
as the distance between the carina and rostrum (carino-rostral 
length), while the anterio-posterior length of the valves
14
was used for Mytilus.
Due to the lower densities of Asterias, the number 
feeding at each site was determined by inspecting all the 
starfish found within the confines of the study area. After 
the capture of its prey, this starfish generally everts its 
stomach with the folds of the stomach wall coming to envelop 
the prey. Occasionally, smaller prey items are enveloped 
by the stomach folds and taken whole into the body of the 
starfish. Thus, feeding in Asterias was determined by 
examining each individual to determine if its stomach was 
everted and enveloping a prey item, and by forcing its 
stomach to be extruded to determine if digestion was occurring 
within the animal.
The size of each Asterias, measured from the center 
of the aboral surface of the central disc to the tip of 
the longest arm, and the size of each prey item, were again 
determined to the nearest 0.1 mm. The starfish were returned 
to the laboratory, where the living wet weight (surfaces 
blotted) was determined.
The densities of the predator and prey species were
determined on each collection date by the use of random
2quadrat samples, ranging in size from 4 cm for Balanus to 
2
1 m for Asterias. The size distributions of Balanus at 
the three intertidal heights were determined by in situ 
measurements of carino-rostral length, while samples of 
Mytilus were taken for later length determinations.
15
Feeding rate experiments were conducted in recir­
culating seawater at 11-13° C, approximating the average 
ocean water temperature during the summer months when active 
foraging occurs. Experiments with Nucella were conducted 
in plexiglass aquaria fitted with a siphonal system per­
mitting the simulation of natural tidal cycles. Flow rates 
were adjusted so that the interval between "high" and "low" 
tides was approximately six hours.
Experiments with Asterias were conducted in both 
the plexiglass "tidal" aquaria, and in compartmented plastic 
containers with continuous water flow. Preliminary experi­
ments showed no differences in feeding rates between the 
two setups, so the latter procedure was used because of 
the opportunity for greater replication.
Experiments were performed with predators and prey 
whose sizes encompassed the entire range of those encountered 
in the field. The predator and prey individuals were placed 
in the aquaria and checked periodically (at intervals of 
30 minutes to one hour, depending on the species) to deter­
mine the times at which feeding began and terminated.
Predator and prey sizes were measured at the conclusion of 
each, experiment.
In feeding rate experiments of Nucella upon Mytilus, 
one snail was placed in an aquarium with four mdssels. As 
soon as one of the mussels was consumed, it was immediately 
replaced by another. In the experiments with Asterias and
Mytilus, one mussel was placed in the container with each 
starfish, and was replaced by a fresh individual as soon 
as it was consumed. In the feeding rate determinations 
using barnacles as prey, a rock covered with approximately 
10 barnacles was placed in each tidal aquarium, and a single 
predator added.
The dry weights of Mytilus and Balanus tissue were 
determined over the range of prey sizes available following 
the method of Lovegrove (1966). Samples were washed in 
distilled water to remove extraneous salts, and then placed 
on absorbent paper for 20 minutes to remove excess water.
The samples were then dried in a vacuum oven at 60° C for 
24 hours, removed, and weighed. The caloric content of 
the tissues of both prey species was determined using a 
Parr Oxygen Bomb Calorimeter (Series 1230).
PREDATOR SIZE DISTRIBUTIONS AND DENSITIES
Nucella is found throughout the intertidal, generally 
from MLW to MHWN, seldom ranging into subtidal areas.
Figure 1-3 indicates that the average size of Nucella de­
creases as one goes from a sheltered to an exposed situation. 
The average sizes are the largest at Fort Stark, smallest 
at Nubble Light, with snails intermediate In size found at 
Milbridge. Moore Cl938a) found that Nucella from sheltered 
locations are generally larger than those from more 
exposed locations, although other factors besides wave 
exposure may alter this distribution.
The average densities of Nucella (Figure 1-4) are 
greater for all three tidal heights at the two exposed
locations (Nubble Light and Milbridge) than at the sheltered
area (Fort Stark). These values also reveal the highly 
aggregated nature of the snail distributions, most of the 
snails being found in large clumps on the rock surfaces.
Asterias Is generally confined to the vicinity of 
LW in the Intertidal, being found primarily in subtidal
regions. The average sizes found at Nubble Light and Fort
Stark were very similar during 1973 (Figure I-5a). -The 
average sized starfish at Milbridge were considerably 
larger than those from the other two sites for all collection 
dates. No starfish less than 20 mm in length were found 
in the Intertidal at Milbridge, while individuals in this 
size range were common at the other two locations. Small
Figure 1-3. Average length in mm (mean - 95$ con­
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Figure 1-5. (a) Average length in nun (mean - 95%
confidence interval) for Asterias
during 1973. (b) Densities of Asterias
per m in 1973- Values for Nubble Light
2
are numbers per m , while for Milbridge 
and Fort Stark values are numbers per 
m length measured parallel to the shore­
line.
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individuals in this size range were observed subtidally 
at Milbridge, and the reason for their absence in the 
intertidal Is unknown.
The densities of Asterias at Nubble Light and 
Port Stark were approximately equal during 1973, being 
considerably greater at these two areas than at Milbridge 
(Figure l-5b). Due to the uneven nature of the rock 
surfaces, and the location of many Asterias in crevices, 
area density measures could not be obtained at Milbridge 
and Port Stark. Instead, abundances at these areas are 
expressed as numbers of starfish per meter measured 
parallel to the shoreline.
22
PREY ABUNDANCE AND SIZE DISTRIBUTION
Balanus balanoides
At all three study areas Balanus balanoides was 
distributed from MLW to approximately MHWN (Figure 1-2). 
Balanus dominated all rock surfaces, both horizontal and 
vertical, at Milbridge and Fort Stark. At Nubble Light, 
the barnacles were the dominant sessile invertebrate on 
vertical rocks at MW and HW, with only scattered clumps 
occurring on horizontal rocks, which were dominated by 
Mytilus at all three tidal levels.
The heaviest settlement of Balanus during 1973 
occurred in April at all three study areas. The densities 
of successful settlement were governed in large part by 
the extent to which adult, pre-1973 year class barnacles, 
as well as algae, occupied primary space on the rock sur­
faces (Figures 1-6 , 1-7). The numbers settling at each 
site did not differ significantly between the three inter­
tidal heights (LW, MW, and HW) ( P >.05j Scheffe's test, 
Scheffe, 1959). However, the numbers surviving at HW, 
where a larger portion of the primary space was occupied 
by adult barnacles than at the two lower heights (Figure 
1-7), were reduced due to crowding by adults. The barna­
cles at HW exhibited a great deal of "hummocking,,, indica­
tive of crowding (Barnes and Powell, 1951), and the 1973 
year class barnacles were required to settle mainly on 
the shells of these older barnacles, experiencing a great 
deal of mortality due to crowding effects. At LW and MW,
Figure 1-6. Percent coverage of primary substratum 
space by Mytilus at Nubble Light (NL) 
and by Balanus at Nubble Light, Milbridge 

















Figure 1-7. Mean densities of Balanus (numbers/4 cm ) of 
the 1973 year class, and pre-1973 year class 
individuals at all three study areas during 
1973.
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where adult barnacles were absent, or present only In 
small numbers, and much more primary space was available 
for settlement and growth, the number of 1973 individuals 
surviving was generally much greater (Figure 1-7)-
The distributions of Balanus sizes at the three 
study areas are shown in Figure 1-8. In all barnacle 
size determinations individuals less than 0.5 mm carino- 
rostral length were not included. The smallest sized 
Balanus consumed by Nucella and Asterias were newly 
settled individuals of approximately 0.5 mm in length. 
Developing barnacle spat attain this size very rapidly, 
generally within one month of their settlement (personal 
observation) coinciding with the onset of active foraging 
by Nucella and Asterias during May.
In the vicinity of MLW at all three study areas, 
the barnacles occupied a large percentage of the primary 
substratum immediately following their settlement (Figure 
1-6). At Fort Stark, barnacles persisted at this height 
throughout the entire year, although their numbers were 
much reduced during the winter months. However, at Nubble 
Light and Milbridge, Balanus was entirely decimated by 
August. The early growth rates of the barnacles were much 
greater at the two exposed locations (Nubble Light and 
Milbridge) than at the sheltered location (Fort Stark).
In the vicinity of MTL, substantial populations of barnacles 
persisted throughout the winter months at Fort Stark, while
Figure 1-8. Size distributions of Balanus at the three 
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only scattered Individuals remained at Nubble Light and 
Milbridge (Figures 1-6 and 1-7)• At Fort Stark the 
barnacles survived on open rock surfaces, probably due to 
the lesser degree of wave action experienced at this 
sheltered location, while at Nubble Light and Milbridge 
they were confined to the openings of rock crevices.
The average sizes of the barnacles at MW for all
three study areas did not change significantly during the
*
summer months (Figure 1-9). The one exception to this 
pattern occurred at Nubble Light during October. By this 
time, the only barnacles remaining were large, pre-1973 
adults, concentrated near the openings of rock crevices.
In the HW zone of all three study areas, barnacle 
populations persisted throughout the entire year (Figure 
1-6). The degree of "hummocking", and hence of crowding, 
was greatest at Milbridge, where larger numbers of pre- 
1973 adults survived (Figure 1-7).
The mean barnacle sizes at HW at Milbridge and 
Fort Stark did not vary significantly during the year, 
the populations being composed primarily of pre-1973 
adults at the former site, and 1973 year class individuals 
at the latter. However, at Nubble Light the barnacle 
sizes did vary significantly due to changes in the 
numerical dominance and growth rates of the 1973 year 
class barnacles.
Figure 1-9. Balanus sizes available ( ■ ) and sizes 
selected ( • ) (mean - 1 S.D.) by 
Nucella at the three areas in 1973- 
Differences between sizes available 
and sizes selected determined by Mann- 
Whitney U test. Levels of significance 
are as follows: NS, no significant 
difference; *, p <■ .05; P < .01;
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The size distributions of Mytilus at the two study 
sites are shown in Figure 1-10. The lower size limit of 
Mytilus selected by Nucella is governed in part by the 
size of the snail's accessory boring organ (ABO). As the 
diameter of the ABO of an adult snail ranges from 1.5 to 
2 mm, it would be difficult for an adult to drill through 
a mussel whose shell length was less than 2 mm. Therefore, 
in all calculations of prey size availability, 2 mm was 
considered as the smallest sized mussel available to 
Nucella.
Asterias were never observed to feed actively on 
mussels less than 2 mm in length. Occasionally, mussels 
less than 2 mm were found within the stomach folds of a 
feeding starfish. However, in every instance in which 
this was observed, the starfish was feeding on a larger 
mussel (.generally longer than 5 mm), and the smaller 
mussel within the stomach probably had been attached to 
the shell of the primary prey item and enveloped along 
with it.
At Nubble Light the mussel populations are found
on horizontal rock surfaces at all three tidal heights.
The mussels occur in large clumps, with densities of
2
50,000 to 100,000 or more Individuals per m . The major 
period of settlement at this site during 1973 occured from 
late June to late July (A. Kuzirian, personal communication).
Figure 1-10. Size distributions of Mytilus at
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The size distributions at all three levels were dominated 
by mussels less than 4 mm in length (Figure 1-10). There 
were no significant differences in the mean sizes available 
between the three tidal heights or between months (p >.05, 
Scheffe's test), except for the observation at LW during 
September (Figure 1-11). The sample for prey size availability 
for this month was taken in a patch of larger sized mussels, 
upon which Nucella and Asterias were aggregated. The 
October sample was taken in the same mussel clump, but the 
mean size available was not significantly different from 
the other months due to a decrease in the number of large 
mussels available.
At Milbridge, Mytilus was found mainly in the 
vicinity of MLW in scattered clumps of approximately 50 
to 1Q00 individuals concentrated near the openings of 
crevices. The size distribution was again dominated by 
mussels less than 4 mm in length (Figure 1-10). The major 
period of settlement during 1973 occurred from late June 
until early July (personal observation). Few mussels 
greater than IQ mm in length were found on the open rock 
surfaces at this site, whereas mussels up to 30 mm were 
found at all three tidal heights at Nubble Light.
Figure 1-11. Mytilus sizes available ( ■ ) and
sizes selected ( • ) (mean * 1 S.D.) 
by Nucella at Nubble Light (NL) and 
Milbridge (M) in 1973* Differences 
between sizes available and sizes 
selected determined by Mann-Whitney 
U test. See Figure 1-9 for designation 
of significance levels.
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Nucella actively foraged on open rock surfaces 
In the intertidal during the warmer months of the year 
(May to October) when surface water temperatures were 
above 9°C (Figure 1-12). During the colder months, 
(November to April) Nucella retreats into rock crevices. 
This may be a means to escape the more severe wave action 
experienced in the winter months, when the species' meta­
bolism is lower, and it is less able to cling to rock 
surfaces and survive the effects of wave action (Moore, 
1936).
Along the coasts of the British Isles, the diet of 
Nucella lapillus consists mainly of the barnacle Balanus 
balanoides and the mussel Mytilus edulis (Moore, 1936, 
1938a; Largen, 1967b; Morgan, 1972b). Moore (1938a) 
also reported attacks by Nucella on Patella vulgata, 
Littorina ljttorea, and other prosobranchs. At the 
three study areas investigated, Nucella fed almost 
exclusively on Balanus balanoides and Mytilus edulis.
Out of a total of 1888 feeding observations over a two 
year period, only one observation was made of Nucella 
consuming a prey item other, than these two species. This 
occurred at Fort Stark, where a Nucella fed on a Lacuna 
yincta.
Figure 1-12. Mean monthly seawater temperatures along the 















































Largen (1967a) has shown that below 3° C,
Nucella becomes completely Inactive, and that above this 
temperature, activity and the rate of feeding increase 
rapidly to reach a maximum at a little above 20° C. He 
also found that along the coasts of the British Isles, 
spawning is induced by an increase in water temperature 
to a level of approximately 9-10° C. Spawning along the 
northeast coast of the United States also begins at 
9-10° C (personal observation), and this temperature may 
also provide a cue for the onset of feeding activity.
At Nubble Light, Nucella actively fed on open 
rock surfaces from May to October (Figure 1-13). By 
August of both 1972 and 1973s the Balanus population in 
the vicinity of MLW was almost totally depleted. Thus, 
the snails at this level were limited to feeding upon 
Mytilus during the latter part of the summer. At MW and 
HW, however, the barnacles persisted on vertical rocks, 
which were not colonized by Mytilus, throughout the 
foraging period, and were consumed by Nucella during 
this entire time.
At Milbridge, Nucella actively foraged on Balanus 
and Mytilus on open rock surfaces from June to October 
(.Figure 1-14). The colder seawater temperatures in the spring 
months at this northerly site is probably the primary reason 
for this delay in the resumption of foraging activity.
In the vicinity:of MLW, Nucella fed on the "band" of Mytilus 
found at this level, as well as on Balanus. By October of
Figure 1-13. Percentage of Nucella observed feeding 
at Nubble Light in both the Balanus (A) 
and Mytilus (B) zones during 1973.
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Figure 1-14. Percentage of Nucella observed feeding 
on Balanus and Mytilus at LW and on 
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both 1972 and 1973s the Balanus population in the vicinity 
of MLW was almost totally decimated, except for a few 
scattered individuals (Figure 1-7). In October, 1972, no 
Nucella were feeding at LW, feeding activity being confined 
to the barnacles at MW and HW. However, during October, 
1973s the only Nucella feeding were seen on the Mytilus 
"band" at LW, except for a few scattered individuals 
feeding on Balanus at MW.
At Fort Stark, Nucella actively foraged on open 
rock surfaces from May to October in 1972 and from May to 
September in 1973 (Figure 1-15). The total percent feeding 
in May of both years (approximately 48$) was considerably 
lower than during the other months of active foraging.
This lower rate of feeding, coinciding with the time of 
the snails’ emergence from their overwintering crevices 
and egg capsule deposition, was not noted at either Nubble 
Light (May) or Milbridge (June). A distinct Mytilus zone 
is not found in the intertidal region at this area, and 
the snails were never observed preying on the scattered 
mussels present.
The total percentage feeding for all three inter­
tidal heights combined during each month was generally 
between 45 and 80$ at each of the three study areas.
These results agree with those of Connell (1961a) who found 
that the average proportion of Thais feeding at Millport 
was between 49 and 73$. Within any one study area, there
Figure 1-15. Percentage of Nucella observed feeding 
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was no consistent differences in the proportion of Nucella 
feeding between the three intertidal heights, i.e. feeding 
activity did not differ between tidal levels.
Asterias
Asterias was found primarily below MLW at these 
three study sites (personal observation), but actively 
foraged in the lower part of the intertidal from May to 
October (Figure 1-16). During the colder months, from 
November to April, Asterias retreats into crevices in the 
lower intertidal, as well as into the subtidal zone. The 
starfish fed primarily on Balanus and Mytilus, occasionally 
consuming the bivalve Hiatella arctica, Nucella lapillus, 
and the gastropod Lacuna vincta (Figure 1-16).
At Nubble Light, Asterias fed mainly on Mytilus,
The only observations of Asterias feeding on Balanus were 
made during July, 1972, and June, 1973. These two time 
periods coincided with the greatest abundance and largest 
sizes attained by Balanus at MLW (Figures 1-7 and 1-9).
At Milbridge, Asterias fed primarily on Mytilus 
during June, when the predator first foraged in any abun­
dance in the intertidal. In July, 1972, and July and 
August, 1973s the starfish preyed mainly on Balanus. This 
high level of Balanus consumption coincided with the time 
of greatest abundance and rapid increase in size of this 
prey species (Figures 1-7 and 1-9). As the barnacle popu-
Figure I-l6. Percentage of Asterias observed feeding 
at LW at each of the three study sites 
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lation was decimated during September and October of those 
years, Asterias "switched" its attention to Mytilus and 
other prey species.
The Asterias at Fort Stark fed mainly on Balanus, 
except during September, 1972, and August through October, 
1973. As the barnacle population in the vicinity of LW 
was decimated in the latter part of the summer (Figure 1-7)» 
the starfish preyed more heavily on the scattered indivi­
duals of Mytilus and other prey species available. The 
value shown for October, 1972, is the result of a very 
small sample size. By this time, few Asterias were left 
on open rock surfaces, and this observation represents 
one starfish feeding on a remaining barnacle.
PREY SIZE SELECTION
Nucella
The mean prey sizes taken by Nucella at all three 
study areas are shown In Figures 1-9 and 1-11. At all 
three areas, for both Balanus and Mytilus, the prey sizes 
chosen by Nucella were significantly greater than the prey 
sizes available in 46 out of 66 observations. In only one 
observation was the prey size taken significantly less than 
the size available (May, 1973> HW Balanus zone at Nubble 
Light).
In the LW Balanus zone at the three study areas 
Nucella selected the largest individuals of those available 
during each month (Figure 1-9). However, due to the initial 
uniform growth rates of the barnacles, the only barnacles 
available in the first months of active foraging were small 
Individuals of the 1973 year class. Consequently, there 
were no differences between the prey sizes selected and 
prey sizes available, as there were no large barnacles 
for the snails to select. This same situation existed 
during the last month the barnacles remained on the rock 
surfaces at Nubble Light and Milbridge, with only small 
individuals being available for consumption. At Fort 
Stark, large barnacles remained on the rocks for the entire 
foraging period, with Nucella selecting sizes significantly 
larger than those available in August and September.
44
The prey size selection patterns in the MW Balanus 
zones- at the three study sites were dependent on the num­
bers of pre-1973 adult barnacles remaining on the rock 
surfaces. In the MW barnacle zone at Nubble Light Nucella 
fed almost exclusively on members of the 1973 year class, 
selecting the largest individuals available (Figure 1-9).
The comparatively large values for prey sizes available 
and prey sizes taken for October are due to the fact that 
during this month, the snails were concentrated near the 
openings of rock crevices, where they preyed upon the large 
adult barnacles. There were no significant differences 
among the barnacle sizes selected from May to September.
However, the sizes selected in October differed significantly 
from the values for the previous five months (p <.001, Scheffe's 
test).
During June at Milbridge and May at Fort Stark,
Nucella at MW selected primarily adults of the previous 
years’ settlements almost to the total exclusion of the 1973 
year class. By July at Milbridge and June at Fort Stark, the 
older, adult barnacles were almost totally depleted, except 
for scattered clumps, and Nucella fed exclusively on newly 
settled individuals, selecting the larger barnacles from 
that current year class (Figure 1-9). This pattern of 
selection continued throughout the remainder of the foraging 
period, with the snails selecting the largest individuals 
of the 1973 settlement, which attained rapid growth rates
45
in the absence of older barnacles.
In the HW Balanus zone at Nubble Light, the snails 
selected adult barnacles in May and September and October, 
while including larger numbers of 1973 individuals from June—  
August (personal observation). The values shown for May are 
the only instance when Nucella selected barnacles signifi­
cantly smaller than those available (Figure 1-9). In the HW 
barnacle zones at Milbridge and Fort Stark, the snails fed 
almost exclusively on the adults, consistently selecting 
the largest barnacles of those available (Figure 1-9).
During the later summer months, from August until the 
cessation of foraging activity, the Nucella in the vicinity 
of HW at all three study areas formed large aggregations 
of feeding individuals, concentrated near the openings of 
crevices. As the feeding activity of the snails reduced 
the numbers of large barnacles in the vicinity of the aggre­
gates, the snails moved higher into the intertidal where 
many larger barnacles remained.
At Nubble Light Nucella consistently selected the 
larger Mytilus of those available at all three tidall 
levels (Figure 1-11). The mussel sizes selected at LW in 
September and October were significantly larger than the 
sizes selected during May— August (p <.01, Scheffe's test), 
due to a shift In foraging activity to a clump of larger 
mussels and not to the increased consumption of larger 
mussels within the same patch. At MW and HW there were no
4 0
differences between the monthly values for prey sizes selected 
within these two levels (p >.05, Scheffe's test).
In the LW Mytilus zone at Milbridge, the pattern of 
size selection (Figure 1-11) was dependent on the size 
frequency distribution of the mussels. There were no sig­
nificant differences in the sizes of Mytilus selected during 
these four months (p >.05, Scheffe's test), with Nucella 
selecting the largest mussels available. The significant 
differences noted between the prey sizes available and 
sizes consumed in July and August were not the result of 
a shift in the sizes selected by the predator, but due to 
a decrease in the mussel sizes available during these months.
Asterias
The prey sizes available and sizes consumed by 
Asterias at LW at Milbridge and Nubble Light are shown in 
Table I-I. When feeding on clumps of Mytilus, a single 
starfish is able to simultaneously envelop and consume up 
to 5-6 small mussels (less than 4 mm). This species was 
also observed to evert its stomach over a clump of Balanus, 
and simultaneously consume 3-4 individual barnacles. The 
ability to consume more than one prey item is of obvious 
energetic importance to any predator.
In most observed Instances of predation on Balanus, 
the shell of the barnacle was so destroyed as to render 
Impossible any determination of prey size. Thus, observa­
tions on the sizes of barnacles selected are limited to two
Table I-I. Mean and standard deviation in ran of prey size available to (column A) and prey size selected 
by (column B) Asterias in the Balanus and Mytilus zones at Milbridge and Nubble light. 
Differences between sizes determined by the Mann-Whitney U test. See Figure 1-9 for designa­













































monthly values for the LW zone at Milbridge. The results 
for July at this site Indicate that Asterias was selecting 
barnacle sizes smaller than those available (Table I-I). 
However, this was probably due to the Indiscriminate con­
sumption of a larger number of small, 1973 year class 
barnacles by the starfish, while feeding on the clumps. By 
August, the mean size of the barnacles available had de^ 
creased, and Asterias was selecting the largest of those 
remaining.
In the LW zone at Port Stark, the barnacles consumed 
by Asterias were too broken apart to allow for calculations 
of size selectivity. During May, 1973* the starfish fed on 
the larger Balanus from previous years’ settlements. As 
the summer progressed, and the numbers of adult barnacles 
decreased CFIgure 1-71* the starfish Increasingly fed on 
the developing Individuals of the 1973 year class.
In the LW Mytilus zone at Nubble Light, Asterias 
selected the larger Individuals of those available only in 
October, consuming mussels over the entire range available 
during the other three months (Table I-I). There was a 
significant increase in the sizes of mussels consumed as 
the summer progressed (October >(August and September)>
July) Cp <-05, Scheffe’s test). However, In September and 
October, starfish foraged on the same patches of mussels 
as Nucella, wherein the sizes of mussels available were 
significantly larger than during the earlier portion of the
year. Therefore, the significant increase in the mussel 
sizes taken during October was the result of a change in 
foraging areas, and not due to the consumption of larger 
mussels in previously foraged patches.
The size selectivity of Asterias in the LW Mytilus 
zone at Milbridge followed the same pattern as that for 
Nucella. There were no significant differences in the 
mussel sizes selected by the starfish during the four 
months investigated Cp >.05, Scheffe's test). Therefore, 
the significant differences noted between the prey sizes 
available and prey sizes taken in July and August (Table 
I-I) were not due to a change in the sizes selected by 




In considering the total food resource overlap 
between species, overlap in prey species and prey sizes 
selected are obviously important. Another important fac­
tor contributing to the overlap between predatory species 
is their temporal and spatial distribution within the 
habitat. If two species are selecting the same size ranges 
of the same prey species, but in different habitats, then 
the degree of food resource overlap is much reduced. How­
ever, if the species are selecting the same sizes and taxa 
of prey in the same habitat, but are separated temporally 
in their habitat usage, then the total degree of overlap 
is reduced by the amount of this temporal separation. In 
this instance, the possibilities for exploitation competi­
tion still exist. Either predator may sufficiently reduce 
the food resources available resulting in a negative effect 
on the other species regardless of this temporal separation.
Asterias and Nucella actively foraged in the Inter­
tidal during the same period (May— October)(Figures 1-13 
through. 1-16). Asterias was confined in Its feeding activi­
ties primarily to the vicinity of LW, while Nucella was 
distributed throughout most of the Intertidal zone. The 
periods of the tidal cycle in which these two predators 
foraged were essentially the same. Asterias actively 
moyed about the rock surfaces when the substratum near LW
was submerged. During.the limited periods of exposure at 
this levels the Asterias remained quiescent, digesting 
prey items previously captured. During low tide periods, 
the starfish also actively moved about in tide pools.
Nucella also confined most of its active movements 
to periods of submergence. Observations during periods of 
tidal exposure indicated little movement across the rock 
surfaces, the snails continuing to open or consume prey 
previously located. Thus, when viewing the temporal aspect 
of foraging activity, the degree of seasonal (Figures 1-13 
through 1-16) and tidal overlap in feeding activity in the 
vicinity of MLW was considered to be total (100%) for those 
two species.
The degree of overlap in the prey taxa consumed by 
Asterias and Nucella in the vicinity of MLW at the three 
study sites in 1973 is shown in Table I-II. The value 
D (= l - h ±
for species x and y, respectively, for the i*'*1 category, used 
in determining prey species overlap, is the index of percent 
overlap as used by Schoener (1968) and Holmes and Pitelka 
C1968).
With Nucella limited to preying on Balanus and 
Mytilus at Nubble Light and Milbridge, and Balanus at Fort 
Stark, the degree of overlap between the two predators was 
governed by the proportions of these prey species consumed by 
Asterias. During months when the starfish preyed mainly on
e I
=1 1 ^xi_^yiP where Px;j_ an(^  P ± are the frequencies
Table I-II. Prey species overlap, prey size overlap, and 
total food resource overlap between Nucella 
laplllus and Asterias rubens at each of the 
three study areas. All overlap measures 
expressed as percent overlap. See text for 




























































barnacles and mussels (Figure I-l6), overlap was high 
(e.g. June at Nubble Light), whereas when these species 
were not selected by the starfish in large numbers, over­
lap was low (e.g. August through October at Fort Stark).
Overlap in the food sizes selected by Nucella and 
Asterias was calculated using the measure of overlap between 
two normal distributions, derived by MacArthur and Levins 
(1967) and discussed by Pianka (1969):
overlap = e “ f c 1-x2)2/2ff1 J  
where x^ and Xg are the means, and a1 and the standard 
deviations of the two size distributions. This index varies 
from zero (no overlap) to one (complete overlap).
The information theoretic index of Horn (1966), RQ , 
and the index of percent overlap, D, were not used due to 
the continuous nature of the variable being measured (prey 
size). The use of either of these two measures requires 
that the data first be partitioned into discrete categories 
before their calculation. The choice of the number, size of, 
and boundaries between, categories of a continuous variable 
can result in a source of arbitrariness that may have pro­
found effects on the values calculated (Schoener, 1968).
The monthly distributions of prey sizes selected were 
checked for normality using the Kolmogorov-Smirnov one-sample 
test (Siegel, 1956). Occurrences of overlap in foraging activi­
ties when prey sizes could be determined were confined to 12 
monthly observations, in which all of the sizes selected by
Nucella showed a normal distribution. However, only four 
of these observations resulted In a normal distribution of 
prey sizes selected by Asterias. The prey size overlap 
between Nucella and Asterias is also shown in Table I-II.
The degree of overlap for the yearly totals was obtained 
by combining the prey sizes selected in each month, and 
calculating the measure of overlap from this total distri­
bution. These limited results indicate a high degree of 
overlap in sizes selected.
Differences in the sizes of prey taken by Nucella 
and Asterias were determined for the 12 monthly observations 
of concurrent foraging activity by the Mann-Whitney U test 
(Table I-III). These reults parallel those using the over­
lap measure, indicating a great deal of similarity in prey 
sizes selected. Out of the five monthly observations when 
significant differences were noted, Nucella chose larger 
individuals than Asterias in four of them. This-difference 
may be attributed to the indiscriminate consumption of large 
numbers of small barnacles and mussels by the starfish while 
feeding on large prey items, rather than to the active 
selection of smaller prey.
The total food resource overlap (expressed as per­
cent overlap) between Nucella and Asterias in the intertidal 
at Nubble Light and Milbridge is also shown in Table I-II. 
The habitat overlap between the two predators was assumed 
to be 100$, as previously discussed, so the overlap values
J'J
are actually prey taxa x prey size x habitat overlap. This 
assumption of 100% habitat overlap Ignores the fact that the 
intertidal populations of Asterias probably experience an 
exchange of individuals with the subtidal populations, i.e. 
some Asterias may possibly forage for periods in the inter­
tidal, retreat to the subtidal, and later return to the 
intertidal. Also, Nucella may migrate to higher levels as 
food is depleted in the lower intertidal (Connell, 1961a). 
These movements reduce the actual degree of habitat over­
lap between the two species, so these values may be con­
sidered to be maximum values.
Table I-III. Mean size and standard deviation in inn of prey taken by Nucella (column N) and by Asterias 
(column A) in both the Balanus and Mytilus zones at Milbridge and Nubble light during 1973. 
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In an unpredictable environment, specialization on 
a particular size range of prey may not be a sound course for 
a predator to follow, especially if the prey sizes preferred 
are subject to drastic and unpredictable fluctuations in 
numbers. Such occurrences could result in the extinction 
of the predator, unless it is able to alter its feeding 
habits to encompass other prey sizes.
Schoener (1968) suggested that a measure of "density 
specialization" be used to compare the relative availability 
of different categories of resources with the relative 
frequency of their utilization using overlap indices or other 
measures. This measure could be used to Indicate the extent 
a species uses the available resource spectrum, and if 
computed over a number of intervals, could indicate this 
utilization over time. Frame (197*0 used an index of per­
cent overlap to compare the volume percentages of food 
species in Peterson grabs (used to determine prey avail­
ability) and in the stomachs of winter flounder.
- (x -x )^ / The measure of overlap previously used (e v 1 2'
2
al a2  ^ (see Table I-II) was calculated to determine the 
degree of prey size specialization by the predators. In 
its use as a measure of overlap, the values ran from zero 
(no overlap) to one (complete overlap). As a measure of 
specialization, the values range from zero (total speciali­
zation) to one (no specialization). The results, comparing
58
the sizes of Balanus and Mytilus available to Nucella and 
Asterias with the sizes selected are shown in Table I-IV.
The degree of specialization exhibited by Nucella 
was again dependent on the size ranges of prey available.
The consistent selection of the largest prey available by 
the snails indicates a high degree of specialization. How­
ever, this selectivity was often masked by the availability 
of a narrow range of sizes with the result that the cal­
culated degree of specialization was low. The results for 
Asterias are difficult to Interpret, due to the small 
monthly sample sizes and the limited number of observations.
In comparing the results of Figures 1-9 and 1-11 
and Table I-I (Mann-Whitney U test) with the results of 
Table I-IV (overlap measure), it can be seen that the two 
measures of size selectivity parallel each other closely.
The utility of the Mann-Whitney U test in determining size 
selectivity is that probability levels can be attached to 
this measure, whereas with the "index of specialization" 
they cannot. Degrees of specialization can only be com­
pared relatively, i.e. one value indicates a higher or 
lower degree of specialization than another.
59
Table I-IV. Degree of size specialization of Nucella 
lapUlus and Asterias rubens on Balanus 
balanoides and Mytilus edulis at the three 
study sites. Specialization measure used 
is the same as the overlap measure
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FEEDING RATES AND ENERGETICS
The average feeding rates of Nucella and Asterias 
on Balanus and Mytilus are shown in Table I-V. The average 
consumption rate in numbers of prey consumed per day, and 
the average consumption time for eacy prey item, were 
determined by averaging the results of all trials over the 
entire range of predator and prey sizes tested.
The average consumption rate of 2.k barnacles/day for 
Nucella is 2-3 times the rate determined by previous workers. 
In a series of field experiments, Connell (1961a) found 
that the average consumption rate of Thais was 1.1 barnacle/ 
day. The higher rate in the present study may perhaps be 
attributed to the more optimal feeding conditions in the 
laboratory, where the snails are free from the physical 
effects of wave action and desiccation.
In a 3eries of laboratory studies, Morgan (1972b) 
found an average feeding rate of 0.8 barnacles/day for 
Nucella at 1Q° C. However, his experiments were con­
ducted In Perspex containers with a continuous water flow 
not experiencing ’’tidal" oscillations. In preliminary 
experiments in the present study, the behavior of Nucella 
was greatly altered (primarily due to its tendency to climb 
the walls of the aquarium to a height above the water line) 
and Its feeding activity much reduced, when tests were 
conducted in a continuous flow, non-tidal aquarium. The 
presence of "tidal" oscillations in the aquaria stimulated
Table I-V. Average laboratory feeding rates (mean ± 1 
S.D.) of Nucella lapillus and Asterias 




3.4 ± 1.9 hours/barnacle
2.4 i 0.9 barnacles/Nucella/day 
Mytilus
25.3 - 8.luhours/mussel
0.6 i 0.2 mussels/Nucella/day
Asterias
Balanus
1.0 - 0.7 hours/barnacle 
21.1 i 15.5 barnacles/Asterias/day 
Mytilus
3.4 i 2.8 hours/mussel
3.3 - 1*2 mussels/day
UJ
th.e §nails to remain and feed on the barnacle covered rocks. 
This lack of tidal oscillation is perhaps the reason for 
the lower feeding rates found by Morgan.
Morgan Cl9_72b) also found an average consumption 
time of 2.5-5.3 days per Mytilus by Nucella, compared to 
the rate in the present study of 1.7 days per Mytilus.
This lower feeding rate found by Morgan may again be attri­
buted to his use of a non-tidal aquarium and/or to the use 
of larger mussels (25 ram), approximately twice the maximum 
length in th.e present study.
The relationship between length and dry weight, the 
number of calories available per gram of dry weight tissue, 
and the relationship between length and caloric content for 
Balanus and Mytilus are shown in Table I-VI and Figure 1-17. 
The pertinent equations relating predator size, prey size, 
prey caloric content, and consumption time are shown in 
Table I-VII. There was no correlation between the consump­
tion time of Mytilus by Nucella and predator size over the 
range of sizes tested (Table I-Vila, Equation lb). A step­
wise multiple regression of consumption time on Nucella 
size and prey size, measured as Kcal (Equation la) indicated 
that most of the variance in consumption time could be 
attributed to differences in mussel size, and not differences 
in predator size (Equation la, lb, and lc).
Equation Id and Figure 1-18 show the relationship 
between the Kcal of prey, consumed/gram of Nucella per hour 
and Mytilus length. The highly significant correlation
Table I-VI. Caloric content of, and relationship between 
length and dry weight, and caloric content 
and dry weight for Balanus balanoides and 
Mytilus edulis.
Mytilus
log1Q dry weight (g) = log1Q 9-29 xlO-  ^ + 2.682 log1Q 
Mytilus length (mm) (n = 62 r = 0.847)
Caloric content:
Kcal - 1 S.D./gram dry weight = 4.844 - 0.212 Kcal/ 
gram dry weight Mytilus (n = 4)
loglQ Kcal - loS]_o 2 '^2 ^ x + 3. 367 loS10
Mytilus length (mm) (n = 62' r = 0.847)
Balanus
log1Q dry weight (g) = log10 4.236 x 10~^ + 2.791 
log^Q Balanus length (mm) (n = 37 r = 0.832)
Caloric content:
Kcal/gram dry weight = 3*837 Kcal/gram dry weight 
Balanus (n = 2)
log1Q Kcal = log1Q 5.000 x 10“3 + 3-375 loS10 
Balanus length (mm) (n = 37 r = 0.832)
Figure 1-17. Relationship between size in mm (log^Q) and 
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Table I-VIIa. Feeding equations determined from laboratory feeding rate experiments on the consumption 
of Mytilus edulis and Balanus balanoides by Nucella.
Mytilus (n = 55)
(la) log1Q consunption time (hours) = log1Q 34.75 + 0.166 log10 Nucella wet weight (g) + 0.199 log1Q Kcal 
(multiple r = 0.348, p <.05)
(lb) log10 consunption time (hours) = log10 25.35 - 0.079 log^o Nucella wet weight (g)
(r = -0.044, p >.05)
(lc) log10 consunption time (hours) = log1Q 36.81 + 0.181 log1Q Kcal 
(r = 0.338, p <.05)
—
(Id) log^Q (Kcal/g of Nucella/hour) = log10 1.63 x 10 + 3-123 loS10 Jfytilus length (mm)
(r = 0.841, p <0.01)
Balanus
(2a) log10 consunption time (hours) = log1Q 5-188 - 0.378 log10 Nucella wet weight (g) + 0.005 log10 Kcal 
(multiple r = 0.424, p >.05)
(2b) logl0 consunption time (hours) = log1Q 5-152 - 0.392 log1Q Nucella wet weight (g)
(r = -0.424, p >.05)
Table I-VIIa (continued).
Balanus
(2c) log^Q consunption time (hours) 
(r = 0.343, P >.05)
(2d) log-^ o (Kcal/g of Nucella/hour) 
(r = 0.977, p <.01)
log10 4.989 + 0.842 log10 Kcal
log-^ Q 1.21 x 10"5 + 3*801 log^g Balanus length (ran)
Table I-VIIb. Feeding equations determined from laboratory feeding rate experiments on the consunption of 
Mytilus edulis and Balanus balanoides by Asterias.
Mytilus (n = 160)
(3a) log]_o consunption time (hours) = log10 11.91 - 0.230 log10 Asterias wet weight (g) + 0.328 logqo Kcal 
(multiple r = 0.277s P <.01)
(3b) log10 consunption time (hours) = log10 2.780 - 0.025 log1Q Asterias wet weight (g)
(r = -0.032, p >.05)
(3c) logjQ consunption time (hours) = log1Q 7-080 + 0.255 log-^ Q Kcal 
(r = 0.456, p <.01)
(3d) log1Q (Kcal/g of Asterias/hour) = log1Q 2.00 x 10~^ + 1.436 log10 ffytilus length (mm)
(r = 0.530, p < .01)
Balanus (n = 75)
(4a) logln consunption time (hours) = log1Q 4.477 - 0.981 log Asterias wet weight (g) + 0.012 log Kcal 
 ^ xo xo
(multiple r = 0.468, p <.01)
(4b) log^ consunption time (hours) = log1Q 4.074 - 0.976 log1g Asterias wet weight (g)
(r = -0.468, p < .05)
Table I-VIIb (continued).
Balanus
(4c) log10 consunption time (hours) = log1Q 0.137 - 0.022 log1Q Kcal 
(r = -0.036, p >.05)
(4d) log10 (Kcal/g of Asterias/hour) = log1Q 4.82 x 10"5 + 3*331 log^ Balanus length (mm) 
(r = 0.878, p <.01)
Figure 1-18. Relationship between Kcal consumed/g 
of Nucella/hour (log^Q) and prey size 
(log10).
oo




coefficient (p ‘fO.Ol) indicates that the snails obtained 
more energy per unit effort (consumption time) from larger 
than from smaller mussels. Prom these results, one could 
predict that the "optimal" strategy of Nucella when feeding 
on Mytilus should be to select the larger individuals avail­
able .
The results of the feeding rate experiments of 
Asterias on Mytilus (Table 1-VIlb) indicate no correlation 
between the consumption time of Mytilus and Asterias size 
(Equation 3b). Most of the variance in consumption time can 
be attributed to differences in mussel size and not differences 
in predator size (Equation 3a, 3b, and 3c). Equation 3d 
and Figure 1-19 indicate that Asterias obtains more energy 
per unit effort from larger mussels. Thus, the "optimal" 
foraging strategy of Asterias should be to select the larger 
mussels of those available.
There was no correlation between the consumption 
time of Balanus and either Nucella size (Table I-VIIa,
Equation 2b) or Kcal of prey consumed (Equation 2c). A 
stepwise regression of consumption time on Nucella size 
and Kcal consumed (.Equation 2a) revealed no significant 
correlation, indicating that over the size ranges of pre­
dator and prey studied, consumption time was not dependent 
on the size of either species. Equation 2d and Figure 1-18 
reveal a significant correlation between the Kcal of Balanus 
consumed/g of Nucella/hour and barnacle size. Again, one 
could predict that the '^optimal" strategy for Nucella
Figure 1-19* Relationship between Kcal consumed/g 




































feeding on Balanus should be to select the larger sizes 
available. These results agree with those of Connell 
(1961a)j who found that it takes about the same amount of 
time for a Thais to open any barnacle, and therefore would 
be advantageous for the whelk to select the larger barnacles.
Equation 4b (Table I-VIIb) reveals a significant 
negative correlation between consumption time of Balanus 
and Asterias size, i.e. the consumption time of Balanus 
decreased as the size of the starfish increased. There was 
no correlation between consumption time and Kcal of Balanus 
consumed, i.e. prey size (Equation 4c). The stepwise 
regression in equation 4a indicates that most of the varia­
tion in consumption time can be attributed to differences 
in predator size and not to differences in prey size.
Equation 4d and Figure 1-19 reveal a significant correlation 
between Kcal of Balanus consumed/g of Asterias per hour and 
Balanus size, leading to the prediction that the "optimal" 
strategy of Asterias feeding on Balanus should be to select 
the largest barnacles available.
Equation 4b reveals that as starfish become larger, 
the time they spend consuming barnacles decreases. The 
smallest starfish used in the experiments, corresponding to 
the lower size limit of those feeding on barnacles in the 
field, were able to consume the largest barnacles available 
without a significant increase in consumption time (Equation 
4c). However, in the case of Asterias feeding on Mytilus
the smaller starfish were not able to successfully consume 
the larger mussels presented. As the size of the mussel 
increased, the consumption time for a given sized starfish 
also increased (Table I-VIIb, Equation 3c). Thus, the 
’’optimal" strategy for Asterias feeding on Mytilus should 
be to select the largest individuals present up to a certain
maximum size dictated by the size of the predator. Asterias
may also increase its energy intake by simultaneously con­
suming a larger number of small prey items.
The Nucella used in the feeding experiments could 
successfully attack and consume the entire size range of 
mussels and barnacles presented. As both predator and prey 
specimens were selected from the entire range of sizes 
normally observed in the field, the entire size range of
both Balanus and Mytilus encountered by Nucella is usually
"available" to the snail. The maximum sized mussel consumable 
by Nucella is limited by the thickness of the mussel shell, 
which cannot exceed the length of the ABO. Large specimens 
of Mytilus, whose shells exceed this maximum thickness, were 
never found in the mussel patches foraged by the snails, 
being confined primarily to crevices. Thus, the "optimal" 
strategy for Nucella feeding on Mytilus should be to select 
the largest mussels available up to a certain maximum size 
governed by the length of the predator’s ABO.
FORAGING STRATEGIES
Asterias and Nucella fed primarily on Balanus and 
Mytilus in the Intertidal (Figures 1-13 through 1-16). Other 
potential prey species were present, such as Hiatella 
arctica, Littorina littorea, L. obtusata, L. saxatilis, and 
Acmaea testudinalis, in varying degrees of abundance. But 
are these species actually available as prey to these pre­
dators? Various prey characteristics, such as running 
responses, caloric differences, "escape in size and/or 
space", and preferences may greatly reduce the amount of 
prey that is actually consumable (Menge, 1972).
Nucella was never observed consuming any of these 
prey species, although boreholes were found on a small number 
of the shells of L. littorea and L. obtusata, indicating 
predatory activity on the part of this snail (Nucella is 
the only boring muricid gastropod In the rocky intertidal 
at these study areas). However, the thick shells possessed 
by the littorines may prevent penetration by Nucella. Also, 
successful cannabilism by Nucella was never observed, 
although a small number of the Nucella examined (3.1$, 
n = 3065) has incomplete boreholes in their shells. Again, 
the thick shells possessed by Nucella probably prevented 
successful penetration.
All of the prey species listed above are also poten­
tially available to Asterias, and all except the limpet were 
consumed (Figure I-l6). Hiatella Is scarce, being found
mainly in crevices, where they may attain an escape in space. 
The three species of littorines and Nucella.which are rarely 
consumed, possess thick shells and opercula that may hinder 
the predatory activity of the starfish. Also, the gastropods 
are highly mobile, aiding in their escape from predation. 
Acmaea has the ability to clamp its shell tightly on the 
rock surface when disturbed.
A more restricted diet in the number of prey species 
eaten should occur in a more productive environment (MacArthur 
and Pianka, 1966), or when food is very common (Emlen, 1966, 
1968). In a more productive environment, or when food is 
very abundant, optimal feeding reflects maximum selectivity, 
while in a less productive environment, or when food is very 
scarce, optimal feeding calls for essentially all potential 
food items encountered to be devoured. Schoener (1969a) 
predicted that in situations of food scarcity, predators 
are likely to become more generalized with respect to food 
size, while in times of food abundance, they are likely to 
be more specialized. How do the results of this study con­
form to Schoener's predictions?
The results of the feeding experiments indicate that 
the "optimal" strategy of Nucella feeding on Mytilus is to 
select the largest individuals available (Table I-VIIa).
When viewing the sizes selected in the field, this prediction 
is supported (Figures 1-9 and 1-11). The greatest increase 
in mussel abundance at Nubble Light and Milbridge occurred
during the months immediately following settlement (July 
and August). The apparent increase in the degree of 
"specialization" or selectivity by Nucella at Milbridge 
(Figure 1-11 and Table I-IV) during these two months was 
not due to a change in selectivity by the snails (the mussel 
sizes selected did not differ), but to a change in prey size 
availability (Figure 1-11). At Nubble Light, where Mytilus 
is much more abundant than at Milbridge, this apparent 
change in specialization was not noted, as the newly settled 
mussels did not alter the mussel sizes available to the 
snails.
The field observations for Nucella predation on 
Balanus .(Figure 1-9) generally followed the predicted 
"optimal" strategy of selection of the larger barnacles 
available (Table I-VIIa, Equation 2d). Deviations from 
this predicted pattern occurred when the range of barnacle 
sizes available were reduced, and the snails afforded 
limited opportunities to select larger prey. The degree 
of specialization of Nucella o n :Balanus at all three Inter­
tidal heights did not increase with an increase in barnacle 
abundance. This inconsistency with Schoener's (1969a) 
prediction is due to the domination of the barnacle popula­
tions by large numbers of uniformly sized individuals during 
periods of greatest abundance (late spring), rendering 
impossible the opportunity for size specialization.
The predicted optimal foraging strategy for Asterias 
feeding on Mytilus is to select the larger mussels available 
(Table I-VIIb). In the LW Mytilus zone at Nubble Light, 
starfish selected prey individuals larger than those available 
only in October (Table I-I). This apparent discrepancy may 
be due to two causes: 1) the number of starfish feeding on
Mytilus in any one month was small (an increased sample size 
may have revealed size selection patterns not detected with 
the small number of observations made), and 2) there is an 
upper size limit to a mussel consumable by a particular sized 
Asterias (Figure 1-20). There was a significant correlation 
between starfish size and mussel size consumed at Nubble 
Light (r = 0.836, p <.01, n => 21) and at Milbridge (r = 0.508, 
p <.05, n = 23). The small starfish present at Nubble Light 
(Figure I-5a) consumed mussels smaller than this threshold 
size limit (Figure 1-20), contributing to the low degree of 
selectivity observed.
The mean sizes of Asterias found at LW at Milbridge 
were significantly larger than the mean sizes at Nubble Light 
during each month of 1973 (Figure I-5a). The starfish at 
the former area were capable of consuming even the largest 
Mytilus found at LW (personal observation), and their size 
selectivity was not limited by prey size.
The optimal strategy for Asterias feeding on Balanus 
should be to select the largest individuals available (Table 
I-VIIb). However, field observations were insufficient to
Figure 1-20. Maximum Mytilus sizes consumable ( ■ ) 
by Asterias in the laboratory. Also 
shown are the mussel sizes consumed 
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determine the validity of this prediction. In an assessment 
of the sizes selected at Port Stark, Asterias fed mainly on 
the pre-1973 adults and not on newly settled individuals.
Also, most of the barnacle fragments taken from the stomachs 
of Asterias at Milbridge were from large, adult individuals.
The average caloric gain to both Nucella and Asterias 
feeding on Balanus and Mytilus,determined by averaging the 
sizes consumed at all three sites during 1973, is shown in 
Table I-VIII. Assuming that the "cost" to each predator 
in feeding on each prey is equal per unit time, i.e. the 
energy expended to penetrate or open and consume each prey 
is proportional to the time spent feeding, some conclusions 
can be drawn.
1) When afforded a choice between the two prey 
species, Nucella should select Mytilus over Balanus due to 
the greater energy gained per unit consumption time. In 
the MW and HW Mytilus zones at Nubble Light, Balanus settled 
heavily in the spring of 1973 and occupied a large portion 
of the bare space not taken up by mussels and algae. Although 
large numbers of barnacles were available in the late spring 
at these heights, few Nucella fed on them. However, in the 
LW zone at Nubble Light, the "less optimal" barnacles ex­
perienced heavy predation by Nucella even though they were 
surrounded by large patches of the "more optimal" mussels.
The area covered by barnacles at LW was much greater than 
the coverage at MW and HW (personal observation), and
Table I-VIII. Average caloric gain to Nucella lapillus
and Asterias rubens while feeding on Mytilus 
edulls and Balanus balanoides. Caloric values 
determined by averaging the prey sizes con­
sumed over all three study sites during 1973 




Kcal Mytilus/g of Nucella/hour = 1.24 x 10-  ^ = 1.24 cal/g
of Nucella/hour
Balanus




Kcal Mytilus/g of Asterias/hour = 2.333 x 10~2 = 23.33
cal/g of Asterias/hour
Balanus
Kcal Balanus/g of Asterias/hour = 6.607 x 10“2 = 66.07
cal/g of Asterias/hour
relative abundances and patch size may have been important 
here. Fisher-Piette (1935) found that Thais lapillus 
preferred Balanus over Mytilus unless the barnacles were 
essentially wiped out by huge mussel settlements. Thus, in 
the vicinity of MLW, where the barnacle patches were rela­
tively large, Nucella may have become conditioned to the 
abundant barnacles present during May-July. With the demise 
of the barnacles in August, these barnacle feeding snails would 
then be forced either to '’switch'1 their food preference to 
Mytilus or cease feeding activity.
2) When offered a choice between Balanus and 
Mytilus, Asterias should select the barnacles due to the 
greater energy gained per unit consumption time (Table I- 
VIII). The data shown for the feeding cycles of Asterias 
in Figure 1-16 lend support to this hypothesis. When the 
abundance of barnacles was high, Asterias fed primarily 
on this species. During periods of low barnacle abundances, 
Asterias selected primarily mussels and other species.
Both Nucella and Asterias, in their selection of 
the largest prey individuals,available, appear to be energy 
maximizers rather than time minimizers. Equations lc and 
3c in Table I-VII indicate that the consumption times of 
both predators on Mytilus increase as the size of the 
mussel increases. By selecting the largest mussels avail­
able, the energy gained per unit feeding time is maximized 
(Equations Id and 3d). Equations 2c and 4c indicate that the
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consumption time of both, predators on Balanus was not 
dependent on barnacle size. However, by selecting the 
largest barnacles available, both species maximized the 
energy gained per unit time (Equations 2d and 4d).
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DISCUSSION AND CONCLUSIONS
The optimal foraging strategy of Nucella and 
Asterias preying on Balanus and Mytilus was to select the 
larger individuals available (Table I-VII). Largen (1967b) 
found that Nucella showed a preference for Mytilus edulis 
of from one to three cm in length. However, there is an 
upper limit to the size of the mussels consumable by these 
two predators, governed by the size of the predator's 
feeding apparatus.
Mussels on open rock surfaces at Milbridge and Nubble 
Light did not exceed the maximum size consumable by adult 
Nucella. Few mussels exceeded 2 cm in length, and most were 
considerably smaller (Figure 1-10). Largen (1967b) showed that 
Nucella could successfully penetrate mussels greater than 5 cm 
in length, although he did not specify the largest size consumed. 
Large individuals of Mytilus (5-8 cm in length) were found 
within rock crevices at all three study areas. Many of these 
mussels had a number of incomplete boreholes in their shells, 
indicating unsuccessful predation attempts by Nucella.
Mytilus never attained a size sufficient to escape predation 
by Nucella on open rock surfaces, this escape being confined 
to crevice dwelling mussels. The crevice dwellers experienced 
decreased susceptibility to predation and, more importantly, 
increased protection from wave action.
The Asterias found at Nubble Light were mostly small
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individuals not physically able to consume the lafcgest 
mussels on open rock surfaces. The larger starfish occa­
sionally observed towards the end of the foraging season 
were capable of consuming the largest mussels available. 
However, the large mussels found in crevices had also 
attained an escape in size from Asterias predation.
The starfish found at Milbridge were significantly 
larger than those at Nubble CFigure I-5a), and were capable 
of consuming even the largest mussels present on the rock 
surfaces. The large Mytilus (5-8 cm) found in the crevices 
at this site could also be consumed by these large starfish 
(personal observation). However, their location within 
narrow crevices made it difficult for Asterias to enter 
the crevices and successfully open and consume these large 
mussels.
Balanus present at all three sites never attained 
an escape in size from predation by either Nucella or 
Asterias. The largest barnacles were easily consumed by 
both of these predators, and, indeed, were definitely selected 
for (Figure 1-9 and Table I-I). Instead, Balanus achieved 
a refuge in space from predation, i.e. populations persisted 
at intertidal levels above the upper limit of predatory 
activity.
As the barnacles grew in size, Nucella maintained 
the ability to select the larger sizes available (Figure 
1-9). This indicates that Nucella has a sufficient degree
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of "plasticity" in its predatory behavior enabling it to 
alter its size selectivity to consume the largest barnacles 
available. This further suggests the presence of a sensory 
mechanism for size selection, prehaps mediated by the sensory 
epithelia on the foot or proboscis. Connell (1961a) stated 
that the whelks may have been able to distinguish older 
barnacles by their larger, more roughened shells.
It would appear that Nucella is under more intense 
selection pressure to consume the largest prey individuals 
available than is Asterias. Nucella is limited by its 
feeding capabilities to consuming one prey item at a time. 
However, Asterias has the ability to simultaneously consume 
a number of prey items, and may derive more energy per unit 
effort by the consumption of a number of smaller prey indi­
viduals than by the consumption of one large prey specimen.
MacArthur and Levins (1967) have suggested that for 
a given degree of specialization, competition may, but does 
not always, set a limit to the similarity of coexisting 
species. This limit is dependent upon, among other things, 
the shape of the utilization curve. May and MacArthur 
C1972) have further developed this theory by stating that in 
a fluctuating environment, two species adjacent on a normally 
distributed unidimensional resource spectrum must differ in 
their average usage of this resource by an amount equal to 
approximately one standard deviation of the resource in 
question. The degree of permissible overlap between two
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distributions of this form would be equal to roughly 0.5-
0.6 (MacArthur and Levins, 1967).
The high degree of prey species and prey size over­
lap between Nucella and Asterias (Table I-II) can be attri­
buted to their selectivity of the largest prey items avail­
able (Figures 1-9 and 1-11 and Table I-I). A number of these 
values clearly exceed the permissible level of overlap sug­
gested by MacArthur and Levins (1967). However, the present 
data may not provide a good test of the theory. The theory 
assumes that the two species have equal carrying capacities, 
which is not met in this study. Also, the large numbers of 
mussels found in the lower intertidal at Nubble Light and 
Milbridge suggest that food may never be a limiting resource 
to either predator.
Holmes and Pitelka (1969) found that the high degree 
of overlap in the diets of the arctic birds studied was due 
to the limited taxonomic diversity of food sources and the 
relatively simple structure of the arctic community. Similar 
reasoning can be advanced for the northern New England rocky 
intertidal environment, with only two species of prey 
(Balanus and Mytilus) readily available to Nucella and 
Asterias. In this relatively simple two predator--two prey 
system, with both predators feeding mainly on the same sizes 
of the same prey species, the degree of food resource over­
lap is necessarily high. This may be attributed to the 
limited choices afforded the predators in their prey selection.
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Given the greater amount of energy gained per unit 
feeding time for Nucella when feeding on Mytilus versus 
Balanus (Table I-VIII), &nd the greater predictability of 
the mussel populations in time and space, the optimal strategy 
for Nucella at Nubble Light and Milbridge should be to 
choose Mytilus preferentially over Balanus. However, there 
are a number of reasons why a high degree of specialization 
on mussels may not be the best strategy for this predator.
1) The populations of mussels at these two sites 
were abundant throughout the two year study period. However, 
the winters during these two years were unusually mild, and 
catastrophic mortality may have occurred in previous years, 
due to severe wave action and icing, rendering this food 
source highly unpredictable in time and space, and speciali­
zation on this species dangerous. 2) The deep rock 
crevices separating the mussel populations on the horizontal 
rocks from the barnacle populations on the vertical rocks 
at MW and HW at Nubble may have presented an effective 
barrier to migration between the two areas. These rock 
crevices contained relatively few prey items, and their 
traversing, required to cross from horizontal to vertical 
rocks, may have been avoided. Thus, the snails on the 
vertical rocks were afforded little access to the mussels 
on the horizontal surfaces, and hence little opportunity to 
feed on their "preferred" prey. 3) Predation by the crabs 
Carcinus maenus, Cancer borealis, and Cancer irroratus
are important causes of mortality for Nucella (C. Osborne, 
personal communication). In diving observations at Nubble 
during high tide, larger numbers of crabs were seen foraging 
on horizontal rocks than on vertical surfaces. Thus, the 
snails on the vertical rocks feeding on barnacles may be 
exposed to lower levels of predation than the mussel 
feeders on horizontal rocks.
Asterias was more of a food generalist than Nucella, 
consuming a larger number of prey species (Figure I-l6). Its 
"preferred" food species in terms of energy gained per unit 
time was Balanus (Table I-VIII). However, the predictability 
of Balanus in the vicinity of LW is very low, and in areas 
where the more predictable, but less preferred, Mytilus is in 
abundance, the mussels are consumed in greater numbers than 
the barnacles. These results support the predictions of 
Emlen (1966, 1968) that predators may consume less preferred 
food with greater frequency than more preferred food, if 
the less preferred prey is very abundant relative to the 
better prey.
The degree of unpredictability and severity in the 
rocky intertidal along the northern New England coast appears 
to be quite high. The winter months are the most unpre­
dictable and severe, due to decreased food availability, 
decreased temperatures, and increased wave action and icing. 
By retreating into crevices, and in the case of Asterias 
subtidally as well, during the winter months, I hypothesize
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that natural selection has operated to reduce the level of 
unpredictability experienced by Nucella and Asterias, 
enhancing their survival capabilities.
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PART II. PREDATION EFFECTS OF ASTERIAS RUBENS AND 
NUCELLA LAPILLUS IN THE ROCKY INTERTIDAL.
INTRODUCTION
An important consideration in the analysis of commu­
nity structure is the allocation of resources among the 
component species. If patterns of allocation can be deter­
mined, e.g. the extent of spatial and temporal overlap in 
the use of a particular resource by two or more species, then 
the processes governing resource allocation may be investigated. 
When the impacts of these processes, e.g. predation, competi­
tion, physical disturbance, are realized, we may begin to 
understand the components of community structure.
The importance of predation in marine communities has 
been investigated by a number of workers. Connell (1961a) 
demonstrated the effects of predation by Thais lapillus on 
the size distributions and abundance of Balanus balanoides 
at Millport, Scotland. Connell (1970) also investigated 
the predatory effects of three species of Thais on the 
distribution of the barnacle Balanus glandula along the coast 
of Washington. Predation may also play a role in the outcome 
of competition by two or more species for some limiting 
resource. Most of the experiments conducted in the intertidal 
marine environment have considered predation effects on 
competition for space as a limiting resource. Connell (196lb) 
has shown the importance of predation by Thais lapillus in 
decreasing the level of interspecific competition between the 
barnacles Balanus balanoides and Chthamalus stellatus.
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Paine (1966, 1971) experimentally demonstrated that the 
predatory activities of two asteroids (Plsaster ochraceus 
at Mukkaw Bay, Washington, and Stichaster australis at 
Anawhata, New Zealand, respectively), selectively preying 
on the dominant competitors for space, can contribute much 
to the maintenance of the species diversity in the rocky 
intertidal. Paine (1969) labelled these species as "keystone 
species", due to their great impact on the patterns of species 
occurrence, distribution, and density.
Paine and Vadas (1969) extended previous work con­
ducted on the effects of predation on sessile invertebrates 
to benthic algae by demonstrating that urchin browsing con­
tributed heavily to maintaining algal richness on rocky 
shores. Dayton (1971) discussed the role of physical dis­
turbance, as well as predation and other biological dis­
turbance, in determining community structure, as these 
factors often interfere with the recruitment and survival 
of the competitively dominant sessile species. The sum 
of this experimental work suggests that a number of species 
competing for a single limiting resource can coexist if a 
mechanism is present in the community to keep in check the 
potentially dominant species.
Prom a theoretical point of view, Levin (1970) 
suggested that more species may coexist in the presence of 
a dominant predator which makes possible the independent 
operation of many more limiting factors. Further, Parrish
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and Saila (1970), through computer simulation, predicted 
that local species diversity may be increased by predation 
in certain competitive situations.
Pew studies have been conducted in the marine 
environment concerning competition for food as a limiting 
resource (Menge, 1972; Haven, 1973). For competition to 
occur, the resource in question must limit the exploiting 
species in some way. Considerable overlap exists in the 
food resources selected by the starfish Asterias rubens 
and the gastropod Nucella lapillus (see Part I). However, 
the demonstration of extensive ecological overlaps between 
species is not a necessary and sufficient condition for 
proving the existence of competition between the species.
As Colwell and Putuyma (1971) point out, the presence or 
absence of overlap in resource use may be evidence either 
for or against the existence of competition.
When compared to marine environments previously 
studied, the rocky intertidal of the northern New England 
coast is relatively simplistic (see Part I). The rock 
surfaces are dominated by two species of sessile invertebrates, 
the barnacle Balanus balanoides and the mussel Mytilus edulis. 
Mytilus dominates horizontal rock surfaces in exposed situa­
tions, while Balanus occupies most of the space on vertical 
rocks in exposed locations, as well as both horizontal and 
vertical surfaces in sheltered situations. The main predatory 
species are Asterias and Nucella.
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The alms of the present paper are to investigate 
1) the influence of the predatory activities of Asterias 
and Nucella on their prey populations, as well as on 
community structure; 2) the existence of food as a limiting 
resource in competition between these two species; and 3) 
the relevance of this study to current ecological theory 




The predation effects of Asterias and Nucella on 
their associated rocky intertidal communities were inves­
tigated at three study areas —  Nubble Light, York Beach, 
Maine; McClellan Park, Milbridge, Maine; and Port Stark, 
Newcastle, New Hampshire (see Part I and Figures 1-1 and 
1-2). Experiments involving predator removals, to aid 
in the determination of predation effects and the possible 
existence of competition between the two predators, were 
conducted at Port Stark, a relatively sheltered location 
(Figure II-l). This site was chosen because of its ease 
of accessibility, and its relative freedom from human dis­
turbance .
Figure II-l. Sketch of removal areas at Fort Stark.
Rock faces shown are parallel to the 
shoreline, and nearly vertical to 














Each site was visited on a monthly basis when 
possible, and the sizes and densities of predator and 
prey species determined (see Part I). Removal studies 
to aid in determining the effects of predation by Asterias 
and Nucella on prey populations and on community structure, 
as well as competition for food between the two species, 
were conducted at Port Stark.
Removal studies were carried out in an area chosen 
for its uniformity and ease of manipulation. This area 
consisted of vertical to nearly vertical rock faces parallel 
to the shoreline extending from above MHWN to a depth of 
approximately 0.5 m below MLW (Figure II-l). Prom the base 
of this vertical surface, a horizontal platform extends 
seaward approximately 3-4 m, rising gradually to the level 
of MLW. This platform formed an effective deterrent to 
migration by Asterias from subtidal regions, and was searched 
thoroughly to remove all predatory starfish and snails.
The removal experiment consisted of a control area, 
along with three experimental areas, Asterias removal,
Nucella removal, and both Asterias and Nucella removal.
In each of the four treatments, the area surveyed consisted 
of a stretch of rocky intertidal 5 to 8 m long extending 
from MLW to the upper limit of the barnacle zone. A pre­
liminary survey during April, 1973, indicated no differences
104
In the densities or size distributions of Balanus, the pri­
mary prey species, between the four areas at each of three 
intertidal heights (LW, MW, and HW). At the onset of pre­
datory activity in May, the predator populations were sur­
veyed at the first removal, and no differences found between 
the four areas in either predator sizes or densities. The 
appropriate predatory species were removed from each of the 
three experimental areas on at least a monthly basis, and 
the numbers recorded (Table II-I).
After the cessation of predatory activity in October, 
the densities and size distributions of Balanus were deter­
mined at the three heights in the central region of each area 
to minimize the "edge” effects. The percent coverage of 
Balanus and algae was also determined by projecting a photo­
graphic slide of the area on to a screen. A plot of one 
hundred random points, generated by computer, was then 
projected to overlay the slide, and the species beneath 
the points determined. The densities and size distributions 
of Nucella were determined at the three tidal heights in 
the control and Asterias removal areas, with the same deter­
minations being made for Asterias in the vicinity of MLW 
in the control and Nucella removal areas.
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! Table II-I. Number of predators removed from MLW to HW
j from each of the three experimental study
I areas at Port Stark. The linear extent of
| each area parallel to the shoreline is Indi­
cated above the treatment name.
(8 m) (6 m) (5 m)
Asterias Nucella Asterias and Nucella removal
Date removal removal Asterias removed Nucella removed
5/73 6 75 4 63
6/73 5 39 8 24
7/73 25 3 46
8/73 25 63 21 51
9/73 16 16 11 24
10/73 5 7 2 5
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RESULTS
Causes of Barnacle Mortality
Predation by Asterias and Nucella
An Important question to be asked when considering 
the effects of a predator on its associated community is 
what percentage of prey mortality can be attributed to the 
feeding activities of the predator? Laboratory feeding 
rate experiments (Table I-V) indicated an average consump­
tion rate by Nucella of 2.4 Balanus/day, with an average 
consumption rate by Asterias of 21.1 barnacles/day. Connell 
(196la) determined that Thais lapillus enclosed in cages on 
the shore exhibited a maximum feeding rate during the summer 
of approximately 1.9 barnacles/day. The higher rates found 
in the present study may be due to more optimal conditions 
for feeding activity in the laboratory than experienced in 
Connell's field studies (see Part 1). However, this also 
may be a real difference, attributable to physiological or 
other differences between the two groups of snails.
The average barnacle consumption rate by Asterias 
in the laboratory may be higher than actually experienced 
in the field for many of the same reasons as for Nucella. 
Another factor resulting in the inflation of this feeding 
rate is the use of aquaria not subject to tidal oscillations. 
In the field, Asterias did not forage in the lower inter­
tidal during periods of tidal exposure, possibly resulting
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In smaller dally rates of barnacle consumption than observed 
In the laboratory. Also, the rapidity with which Asterias 
migrate back to the vicinity of LW from tide pool and shallow 
subtidal areas to resume feeding upon the submergence of this 
tidal level is not known. However, many starfish examined 
during periods of exposure contained prey items in various 
stages of digestion, indicating that these periods are not 
totally lost to feeding activity. Asterias does have the 
ability to simultaneously consume more than one prey item, 
so this high consumption rate may not be totally unrealistic. 
Thus, the experimental feeding rates for both Nucella and 
Asterias may be considered maximum rates of consumption.
With knowledge of the dally feeding rates (Table I- 
V), the average densities of Nucella and Asterias (Figures 
1-4 and 1-5), the average barnacle densities (Figure 1-7) 
and the percentages of predators observed feeding during 
each month (Figures 1-13 through 1-16) one can calculate 
the impact of the predators' feeding activities on the bar­
nacle populations. Figure II-2 shows the mortality rates 
of Balanus caused by the predatory activities of Nucella 
and Asterias at each of the three study areas. The number 
of barnacles consumed was determined by calculating the 
average feeding rate of each predator per month times the 
average density of the predator for that month times the 
precentage of the predators feeding on the barnacles during
Figure II-2. Calculated mortality rates of Balanus 
caused by Nucella and Asterias pre­
dation at Nubble Light (NL), Milbridge 
(M), and Fort Stark (FS) in 1973*
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that month. To determine the percentage of barnacle mortality 
caused by the feeding activities of the predator, this value 
was divided by the total mortality of the barnacles in each 
month, determined by subtracting the barnacle standing crop 
at the end of the month from the standing crop at the be­
ginning of the month.
The greatest mortality of barnacles from all causes 
at all three study areas occurred during June, often exceeding 
50$ of the barnacle standing crop (Figure 1-7)• The 
barnacle populations in June consisted primarily of newly 
settled individuals of the 1973 year class, which experienced 
most of the mortality. The percentage mortality of barnacles 
caused by the feeding activities of both predators in June 
was low, only once exceeding a value of 9-2$, with this 
occurring in the LW zone at Nubble Light. This value of 
20$ at Nubble Light may be attributed to a combination of 
a low initial barnacle standing crop for this month (Figure 
1-7) with the high, densities of Nucella (Figure 1-4).
The percentage of barnacle mortality in any one month 
due to predation by Nucella was quite variable. Generally, 
mortality caused by the snails from July through September 
was considerably greater than the rates during May and June. 
The lower percentage mortality rates due to Nucella for the 
two months following barnacle settlement can be attributed to 
the large numbers of barnacles on the rock surfaces, experi­
encing high mortality rates from other causes, and not to
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decreased consumption rates by the snails.
The percent mortality due to predation by Nucella, 
was lower at Port Stark than at either Nubble Light or 
Milbridge during almost every month. This was probably 
due to the smaller population sizes of the snails at Port 
Stark than at the other two sites (Figure 1-4).
The percentage of barnacle mortality resulting from 
Asterias predation at LW was quite low and approximately 
equal for all three study areas (Figure II-2). Nucella 
predation resulted in a considerably greater proportion of 
barnacle mortality than Asterias predation at Nubble Light 
and Milbridge, while at Fort Stark the effects of the two 
predators were nearly equal for the three months that 
Asterias preyed on barnacles.
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REMOVAL STUDIES
Effects on Barnacle Densities and Size Distributions
Upon the termination of the predator removals at 
Port Stark in October, 1973 s the barnacle densities and sizes 
were determined at LW, MW, and HW, for the control, Nucella 
removal, Asterias removal, and combined Asterias and Nucella 
removal areas. The barnacle densities are shown in Table II-
II, while the size distributions are included in Table II-
III. Differences in the densities and size distributions 
between the various experimental and control areas were 
analyzed by Scheffe's test (Scheffe, 1959)> allowing for 
multiple comparisons between treatments. The results of 
these tests are also shown in Tables II-II and II-III.
The results at LW indicate that a significantly 
larger number of barnacles remained in the area where 
both Asterias and Nucella were removed than in either of 
the two other removal or control areas. Also, the barnacle 
densities in the two areas where only one predator was • 
removed did not differ significantly from the numbers 
remaining in the control area. This indicates that the 
predatory activities of either Asterias or Nucella alone 
reduced the numbers of barnacles to a level equal to that 
when both predators were present.
No significant differences in the mean barnacle 
sizes remaining at LW existed between any of the treatments
11
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Table II-II. Mean barnacle densities and % coverage of barnacles at LW, MW, and HW in each of the four 
treatment areas (Control, Asterias removal, Nucella removal, and combined Asterias and Nucel1 a 
removal) at Port Stark at the conclusion of the predator removal studies in October, 1973. 
Differences between treatments determined by Scheffe’s test.
Treatment



























































HW (per 4 crn^ ) C -A -N -A+N
C 6.45-5.73 25.9 C -- NS ** ***
-A 9.05*4.08 63.9 -A -- NS **
-N 10.80*3.29 91.8 -N -- NS
-A+N 12.98*4.54 78.8 -A+N -r-.-rr-.
^Treatments are designated as follows: C = control, -A = Asterias removal, -N = Nucella removal, -A+N
combined Asterias and Nucella removal
b *Differences between treatments as follows: NS, no significant difference; , significant at 5% level;
** significant at 1% level; ***, significant at 0.1% level.
XJLH
Table II-III. Mean barnacle sizes at LW, MW, and HW in
each of the four treatment areas (Control, 
Asterias removal, Nucella removal, and com­
bined Asterias and Nucella removal) at Port 
Stark at the conclusion of the predator 
removal studies in October, 1973* Differ­
ences between treatments determined by 
Scheffe’s test. See Table II-II for treat­
ment designations and notations for differ­
ences between treatments.
Size (mm)
Treatment Mean + 1 S.D. Scheffe's tei
LW C -A -N -A+N
C 2.19 + 0.32 C --- NS NS NS
-A 2. 08 + 0. 42 -A — NS NS
-N 2. 05 + 0.35 -N — NS
-A+N 2.32 + 0. 44 -A+N ---
MW C -A -N -A+N
C 1.87 + 0.41 C --- NS **
-A 1.97 + 0.43 -A — xx
-N 4. 29 + 1.14 -N — NS




Treatment Mean + 1 S.D. Scheffe^ test
HW C -A -N -A+N
C 2.55 - 0.97 C   ** ** *
-A 3.99 ± 1.18 -A —  NS NS
-N 3.82 ± 1.08 -N —  NS
-A+N 3-53 - 1.25 -A+N
l i b
(Table II-III). This can be attributed to the almost 
complete decimation of the barnacles at LW during the 
winter months, resulting In the barnacle populations being 
dominated by newly settled spat at the onset of the foraging 
period in May, 1973 (Figure 1-7). Even though Nucella 
and Asterias selected the larger barnacles of those avail­
able (Figure 1-9 and Table I-I), the uniform growth rates 
of the barnacles in all four treatment areas resulted in 
nearly equal size distributions for all treatments (Figure 
II-3)•
The removal experiments at MW resulted in a signi­
ficantly greater density of barnacles in the Nucella removal 
and combined Asterias and Nucella removal areas than in either 
the control or Asterias removal areas (Table II-II). The 
lack of a significant difference in barnacle densities 
between the Nucella removal and combined Asterias and Nucella 
removal areas indicates that the increase in barnacle 
densities can be attributed to the removal of Nucella alone. 
Thus, the predatory activities of Asterias, which seldom 
forage this high in the intertidal, exerted no significant 
influence on barnacle densities.
Nucella predation at MW also resulted in a signifi­
cant impact on barnacle sizes (Table II-III). The barnacles 
remaining in the two Nucella free areas were significantly 
larger than those in either the control or Asterias removal 
areas. The barnacle populations at MW were not totally
Figure II-3. Size distributions of the Balanus 
remaining on the four experimental 
areas at the conclusion of the removal 
period. See Table II-II for designa­
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decimated In the winter of 1972-73 (Figure 1-7 )j so that 
pre-1973 adults, as well as newly settled spat, were present 
at the beginning of the foraging period. The snails' selec­
tion of the larger barnacles available resulted In small 
numbers of pre-1973 year class barnacles remaining In the 
two areas where Nucella was present, the rock surfaces being 
dominated by small, 1973 year class Individuals (Figure II-3). 
However, in the Nucella removal areas, large numbers of pre- 
1973 adults persisted, resulting in the larger size distribu­
tions .
In the vicinity of HW, the numbers of barnacles in 
the Nucella removal and combined Asterias and Nucella removal 
areas were signficantly greater than in the control area 
(Table II-II). This indicates that Nucella had a significant 
predatory effect on barnacle numbers. There were no signi­
ficant differences between the Asterias removal area and 
either the control or Nucella removal areas, or between the 
Nucella removal area and the combined Asterias and Nucella 
removal area. These results are somewhat confusing, because 
the lack of a significant difference between the Nucella 
removal and Asterias removal areas suggests the existence of 
a predatory effect by Asterias equal to that of Nucella, 
while the lack of a significant difference between the 
Asterias removal and control areas indicates that Asterias 
did not exert a significant predatory effect at this height. 
However, Asterias never foraged this high in the intertidal,
xj-y
and these anomalous results may be due to Inadequate sampling 
of the barnacle populations, exhibiting patchy distributions 
at this height. The patchy prey distributions may be due in 
part to the highly aggregated nature of the snail populations, 
which decimated the barnacles in one area, while leaving 
those in adjacent areas relatively untouched.
At HW, the barnacle sizes remaining were significantly 
larger in the removal areas than in the control area, with 
no significant differences between the three experimental 
treatments (Table II-III). The larger sizes found in the 
Nucella free areas can be attributed to the increased sur­
vival of the pre-1973 adult barnacles in the absence of the 
snails (Figure II-3). Again, the anomalous results indica­
ting the persistence of larger barnacles in the Asterias 
removal area may have been due to inadequate sampling.
Effects on Predators
If two predatory species are competing for a poten­
tially limiting food resource, then the removal of one species 
from an area where they co-occur should result in 1) an in­
crease in size, 2) an increase in density, 3) an increase in 
foraging activity or patch utilization, or 4) some combina­
tion of the above for the other species. It has been shown 
that a high degree of food resource overlap exists between 
Asterias and Nucella (Table I-II). If food is a limiting 
resource, and competition for food actually exists, one or 
more of the above conditions should pertain upon the removal
of Asterias or Nucella.
The above criteria were used to investigate the exis­
tence of competition of the exploitation type (Miller, 1969). 
During nearly two years of observation, no instances of 
direct interference competition were noted. These two 
predators often fed side-by-side on rock surfaces, with 
no observations being made indicating interference with the 
feeding activities of either species.
At the conclusion of the removal period, all predators 
were collected from the experimental and control areas and 
returned to the laboratory for length and wet weight deter­
minations. These measurements are shown in Table II-IV, as 
well as the results of the analysis of covariance (Snedecor 
and Cochran, 1967) used to determine differences between 
predator sizes in the control and removal areas.
The results for Nucella indicate that removal of 
th.e starfish did not result in an increase in size for the 
snails (Table II-IV). The shell of Nucella ceases to grow 
upon the attainment of maturity (Moore, 1936), or during 
prolonged periods of starvation (Cowell and Crothers, 1970), 
so differences in growth between treatments should not be 
reflected by length differences, unless the reduction of 
barnacle numbers in the control area was sufficient to 
induce starvation in the snails. Therefore, weight measure­
ments were used to test for differences between the treat­
ment s.
Table II-IV. Size determinations" of Nucella lapillus and Asterias rubens (mean * 1 S.D.) at L¥ In the
predator removal areas in October, 1973> at the conclusion of the predator removal experiments. 
































0.349*0.246 NS NS ***
XX XDifferences between treatments noted as follows: NS, no significant difference; , significance at
0.1% level.
The results of the Nucella removals Indicate that 
the starfish in the snail free area at the conclusion of 
the experiment were larger in weight, but not in length, 
than those in the control area (Table II-IV). The barnacle 
densities remaining at LW (Table II-II), indicate that the 
predatory activities of the starfish alone were equal to 
the combined effects of the starfish and snails. The 
removal of Nucella resulted in an Increase in the number of 
barnacles available to Asterias, with the starfish consuming 
the prey In larger numbers, as suggested by the final 
barnacle densities. This increased exploitation may have 
resulted in the increase in size of the starfish found In 
the snail removal area.
That food may limit the growth in size of the star­
fish may be deduced from circumstantial evidence. The star­
fish found In the rocky intertidal at the three study areas 
were generally quite small. Larger starfish exist subtidally 
in these and other areas, where food Is generally more 
abundant (personal observation). The increased abundance of 
prey, and lack, of disruption from tidal exposure, may in­
crease the food availability In subtidal situations, allowing 
for a greater growth in size.
The densities of Nucella in the control and Asterias 
removal areas were determined during September rather than 
October, because by latter month most of the snails had 
retreated into their overwintering crevices. Even in September,
the densities of Nucella were much reduced in the vicinity
of LW. The density of Nucella in the control area (8.51 
+ 2- 9*9/m . see Figure 1-4) was not significantly different 
from the density in the Asterias removal area (11.00^ 18.57, 
t-test, p >.05), indicating no increase in density in the 
absence of its co-occurring predator. The highly aggregated 
distribution of the snails, with many individuals congre­
gated near the openings of crevices, made accurate deter­
mination of densities difficult.
The numbers of Asterias in the control and Nucella 
removal areas were determined during October, when many 
starfish were still foraging on rock surfaces. Because of 
the relatively low numbers of starfish, the irregular features 
of the rock surfaces, and the fact that most Asterias were 
found in crevices, no area density measures could be taken. 
Instead, the entire area in the vicinity of LW was surveyed, 
and the total number of starfish determined. The number 
present in the control area (2.3 starfish/m length) is shown 
in Figure 1-5, while the average number in the Nucella 
removal area was 3.5/m length. These results suggest that 
the number of Asterias in the snail removal area was greater 
than in the control area. However, due to the nature of 
the substratum, replicate samples could not be taken, and 
the results may be due to chance rather than to real diff­
erences .
Differences in foraging activity or patch utiliza-
zation by Nucella between the control and starfish removal 
areas were not observed. The nearly vertical nature of the 
rock surfaces precluded the examination of the predators for 
feeding activity, or their tagging for identification of 
differences In foraging movements because of the likelihood 
that upon their replacement they would fall to adhere to 
the rocks. Connell (1961a) suggested that Individuals of 
Thais may migrate to higher shore levels when their prey 
populations are reduced on the lower shore. Support for the 
existence of such migratory movements at Fort Stark Is shown 
by the date In Figure 1-4. In September the numbers of 
Nucella at LW were much reduced below the August value, 
coinciding'with Increased densities at MW and HW.
Differences in foraging activity or patch utilization 
by Asterias between the control and Nucella removal areas 
were not noted. The starfish were not observed to Increase 
their foraging activity or the number of habitats foraged 
In the snail free area during the course of the experiment.
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DISCUSSION
Connell (1961a) found that during the summer preda­
tion by Thais could have accounted for all the mortality 
experienced by Balanus at each tidal level at Millport.
These results contrast markedly with those of the present 
study. Predation by Nucella reached this level only at LW 
at Nubble Light, the snails consuming roughly 9^% of the 
barnacles remaining in July (Figure II-2). The percentage 
mortality due to predation by Nucella never exceeded 75% 
at the other three sites.
At Fort Stark the percentage attributed to predation 
by Nucella at LW was low (Figure II-2). When combined with 
the percent mortality caused by Asterias, the predatory 
activities of these two animals contributed a small portion 
to the mortality of barnacles at this tidal height. Even 
though the barnacle density at LW at Fort Stark in the area 
where both Asterias and Nucella were removed was significantly 
greater than in the control area (Table II-II), the barnacles 
were very scattered in this combined removal area. Thus, 
predation played a negligible role In the maintenance of 
primary free space in this community.
Barnacle mortality at LW in May and June, when the 
population was dominated by newly settled and metamorphosed 
individuals, was probably due primarily to the sweeping effects 
of algae and the dislodgement effects of limpets and littorines.
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Lewis (1964) found that the effects of algal fronds sweeping 
across rock surfaces and dislodging newly settled barnacles 
may contribute substantially to Initial mortality rates. 
Attached algae (primarily Fucus sp. and Ascophyllum sp.) 
occupied a small portion of the primary space (0-10$), so 
mortality resulting from competition for attachment space 
was low. Dayton (1971) has shown that limpets can push, eat, 
or dislodge the cyprid or newly metamorphosed barnacle from 
the substratum during their grazing activities. Fort Stark 
supports substantial populations of grazers, notably the 
limpet Acmaea testudinalis, and the littorlnes Littorina 
littorea, L, obtusata, and L. saxatilis. The combined actions 
of these four species may have contributed heavily to the 
mortality rates of the newly settled barnacles. After June, 
the barnacles attained a size (> 1.5 mm) at which they were 
not subject to extensive mortality from dislodgement effects.
Possible sources of mortality during the later summer 
months may have been predation and dislodgement by crabs 
(primarily Carcinus maenus), predation by the flatworm 
Stylochus ellipticus (Christensen, 1973) and the nudibranch 
Onchldorls fusca (Potts, 1970), mortality due to disease and 
parasites (Connell, 1961a), and the effects of wave action. 
Mortality from intraspeci.fic competition was probably not 
important at LW, due to the low densities of barnacles at 
this height. Mortality during the winter months was mainly
± d (
associated with the effects of severe winter weather condi­
tions. A visit to Port Stark in April, 197^, prior to the 
197^ barnacle settlement, revealed no barnacles remaining 
in the LW combined removal area, where barnacles remained 
in October, 1973 (Table II-II). As no predators were active 
after October, the most likely causes of this mortality 
were severe wave action, freezing, and the effects of 
floating debris.
Dislodgement by grazers and algae probably contri­
buted heavily to mortality rates in MW and HW in May and 
June. Predation by Nucella had a significant impact on 
the barnacles during July at MW (68$) and September at 
HW (.75$) (Figure II-2). The large number of "hummock11 
forms, indicative of crowding (Barnes and Powell, 1950; 
and Connell, 196la), found at MW and HW indicate that intra­
specific competition for space may have been an important 
source of mortality. The persistence of barnacles at MW 
and HW throughout the year (Figure 1-7) was perhaps due 
to the decreased effects of wave action and impact of 
water-borne debris during the winter months on the larger 
barnacles found at these levels.
The results of the removal experiments at LW, 
in which at least one criterion demonstrating competition 
between species was met, suggest that competition for food 
between Asterias and Nucella exists, and that food was a 
limiting resource for the starfish. The larger sized star­
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fish in the snail free area (Table II-IV) indicates that 
Asterias may have been able to grow larger in the absence 
of its co-occurring predator. During periods of relatively 
low food availability near LW, e.g. the late summer months, 
the mobility of Asterias allows the starfish to migrate 
subtidally and exploit the prey populations found there.
This period coincides with the lowest Asterias densities 
recorded at LW (Figure I-5b). The greater caloric value 
gained/unit consumption time for Asterias while feeding 
on barnacles vs. the mussels found below LW (Table I-VIII), 
indicates that the optimal foraging strategy for the star­
fish should be to select barnacles in preference to mussels. 
Thus, in the Nucella removal area, the barnacles normally 
consumed by the snails at LW were available to the starfish, 
resulting in the increased sizes attained by Asterias.
The migration of Nucella from LW, when barnacles 
were reduced at this height, to higher levels in the 
control area (Figure 1-4), suggests that food may be limiting 
to the snails in the lower intertidal. The great reduction 
in the number of barnacles (Table II-II), the lack of an 
increase in the size and density of the snails (Table II-IV), 
and migration by the snails to higher levels in the starfish 
removal area, suggest that food may be limiting to Nucella 
at LW even in the absence of starfish. However, the 
barnacles at MW and HW were not drastically reduced during 
the foraging season (Figure 1-7), so when the intertidal is
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viewed as a whole, food was not a limiting resource to the 
snails. Thus, migration by Nucella to higher intertidal 
levels and by Asterias subtidally in the late summer 
months may act to reduce the level of competition between 
the two predators when food is scarce and potentially 
limiting.
In the vicinity of LW at Nubble Light and Milbridge, 
large numbers of Mytilus persist throughout the year, and 
food may never be a limiting resource in competition between 
the two species. This contention is supported by the larger 
starfish found at Milbridge (Figure I-5a) and the greater 
densities at Nubble Light (Figure I-5b). However, in 
sheltered locations, such as Fort Stark, where Mytilus 
is rare, competition for the remaining prey species,
Balanus, may occur.
The highly significant inverse correlations between 
Nucella size and density (r = -0.622, p < . 05s h = 12) and 
Asterias size and density (r = -0.844, p < .01, n = 14) at 
the three areas suggest the existence of intraspecific com­
petition for food at high densities. The lack of significant 
inverse correlations between biomass densities of Nucella 
and Asterias at Fort Stark (r = 0.295s P > .05, n = 4) and 
at Nubble Light and Milbridge (r = 0.601, p > . 05s n = 6) 
suggest the lack of interspecific competition for food 
between the two predators. At Fort Stark, where the removal 
studies indicated competition for food, this discrepancy
1 3 0
may be due to the small sample size.
Paine (1966) and Dayton (1971) found that the 
species diversity and organization of the communities 
studied were governed in large part by the degree to which 
biological (including predation) and physical disturbances 
prevented the monopolization of the major environmental 
resource (primary substratum space) by one species. These 
communities were characterized by a large number of species 
utilizing the available free space. However, the sheltered, 
rocky intertidal area in the present study is characterized 
by only one sessile invertebrate species (Balanus) dominating 
the primary space during the spring and early summer.
Clearly, this community is not predator controlled in the 
sense that the term has been used in the past, as other 
biological (the effects of grazers and sweeping by algae) 
and physical disturbances are responsible for clearing 
large areas of free space during the late spring-early 
summer and winter months, respectively. Even with the 
creation of free space, only one species occupied the 
available substrate. This was a colonial benthic diatom 
(Melosira sp.) forming a thin layer over the rocks and 
remaining barnacles. Whether this species prevented the 
invasion of other organisms is unknown, and will require 
further investigation.
The rocky intertidal of northern New England sup­
ports a low diversity of sessile invertebrate species occupying
131
rock surfaces. Balanus balanoides and Mytilus edulis being 
the primary Inhabitants. Mytilus, found in small numbers 
just below LW, does not extend into the intertidal at Port 
Stark, as it generally requires a greater degree of wave 
exposure for its survival than is experienced at this loca­
tion. That the degree of wave exposure, and not predation 
levels, is the limiting factor can be deduced by examining 
Figures 1-4 and I-5b. Mytilus is abundant at the exposed 
location (Nubble Light) where the densities of Nucella 
are considerably greater than at the most sheltered location 
(Fort Stark) where Mytilus is absent. The numbers of Asterias 
are approximately equal at the two locations.
Sanders (1969) and Slobodkin and Sanders (1969) have 
argued that in physically controlled communities, such as 
in boreal shallow marine environments where physical condi­
tions fluctuate widely and are not rigidly predictable, the 
number of species per unit number of individuals will be 
small. A possible explanation for the low species diversity 
along the northern New England coast are the great extremes 
in physical conditions found in this area. Air temperatures 
can range from a low of -12° C during the winter to a maxi­
mum of 35° C in the summer, while surface seawater tempera­
tures may decrease to -1.5° C in the winter and increase to 
18° C in the summer. Ice may cover the rocky intertidal 
surface, when exposed at LW, during prolonged periods of 
cold weather, while storms are an unpredictable source of
mortality for attached invertebrate species. Thus, the 
failure of the substratum to be colonized by sessile inver­
tebrates upon the provision of free space can be attributed 
to the lack of a sufficient species pool to provide organ­
isms for invasion.
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PART III. PREDATION EFFECTS OF ASTERIAS RUBENS ON A 
SUBTIDAL PILING EPIFAUNAL COMMUNITY.
INTRODUCTION
Competitive interactions between species have been 
shown to be an important structuring force in various 
communities. Predation is known to have a great influence 
on the outcome of these interactions. The importance of 
predation in enhancing the species diversity of a community 
is based on two factors (Paine, 1966). First, the pre­
dator must be specialized in its feeding habits whereupon 
it selectively removes the dominant competitor for the 
environmental resource in question. Second, the species 
of the prey community must be competing for a limiting 
resource if predation is to have an effect. If competition 
is not occurring, then removal of one of the prey species 
by the predator is not likely to result in increased 
species numbers.
Connell (1961) demonstrated the importance of 
predation by Thais lapillus in decreasing the severity 
of competition between two barnacle species, Balanus 
balanoides and Chthamalus stellatus. In certain instances, 
predation may increase the number of species in multi­
species communities, such as has been found by Paine 
(1966, 1971) and Paine and Vadas (1969) for rocky inter­
tidal communities, Harper (1969) for plant communities, 
and Porter (1972) for coral-reef communities. The im­
portance of predation in maintaining species diversity is
based on the mechanism outlined in Paine’s (1966) state­
ment that "local species diversity is directly related to 
the efficiency with which predators prevent the monopoli­
zation of the major environmental requisites by one 
species". Addicott (197^)3 in studies on the effects of 
predation on the protozoan communities of pitcher plants, 
found no increase in species numbers with increased pre­
dation. He attributed this result primarily to the low 
level of competitive interactions between the species 
in the community.
Other factors may enhance the number of species 
in a community by preventing the monopolization of a key 
environmental requisite by a competitively dominant species 
Dayton (1971) found that biological disturbances, including 
the dislodgement effects of grazing species and physical 
disturbances, such as log damage, can create an abundance 
of free space in the intertidal, and contribute substan­
tially to the maintenance of species diversity. However, 
the provision of a key environmental requisite, such as 
substratum space, does not necessarily insure the enhance­
ment of species numbers. I have suggested that in a 
physically controlled environment, such as the rocky in­
tertidal along the northern New England coastline, where 
the species pool is reduced, and the opportunities for 
invasion poor, the creation of areas of free space, through 
physical and biological disturbance, will not result in an 
increase in the number of species in the community (Part II
139
this thesis).
Few studies have considered the effects of preda­
tion on shallow subtldal communities. Paine and Vadas
(1969) demonstrated the importance of browsing by the 
urchin Strongylocentrotus purpuratus In maintaining algal 
diversity on subtidal rocks. Dayton et al. (1974) have 
shown the Importance of predation by asteroids in preventing 
the monopolization of the primary space resource in an 
antarctic benthic community by the competitively dominant 
sponge species. Sutherland (personal communication) and 
Karlson (personal communication) are investigating the
role of predation in the maintenance of community structure 
in subtidal fouling communities in Beaufort, North Carolina.
Through computer simulation Parrish and Saila
(1970) found that local species diversity may increase 
with predation under some competitive conditions. Van 
Valen (1974) suggested that equivalent predation cannot 
increase the number of species of prey, i.e. predation 
must be heaviest on the one or more species of prey which 
are dominant in the absence of predation.
In all the experimental manipulations conducted 
in the marine environment, the competitively superior 
prey species were prevented from monopolizing the primary 
environmental requisite by the actions of a predator, or 
other biological or physical factors. In the piling 
community which is the subject of this study, an attempt
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was made to Investigate the Importance of predation and 
other biological disturbances, such as grazing, as well 
as physical disturbance, on the outcome of competition 
between the dominant species in the community.
In a community where the interactions between 
the species are poorly known, it is important to investi­
gate all the possible interactions between the species 
(competitive, predator-prey, and symbiotic). Thus, the 
purpose of the present study was threefold. 1) To investi­
gate the feeding activities of the primary predators, 
especially the asteroid Asterias rubens. 2) To determine
the outcome of competitive interactions between the major 
space occupiers in the community, and thus the competitive 
hierarchy among the species. 3) To determine the impact 
of predation by Asterias and other predators, as well as 
the effects of other biological and physical disturbances, 
on the structure of the community.
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SITE DESCRIPTION
Gerrlsh Island is located in Kittery, Maine, and 
is northeast of the entrance to the harbor at Portsmouth,
New Hampshire (Figure III-l). The study area is situated 
at the western end of the island, at Fort Foster, and con­
sists of a pier, extending seaward a distance of approxi­
mately 100 m, supported by a series of wooden pilings.
The bottom beneath the pier is sandy, with a gentle sea­
ward slope (approximately 4:100), extending seaward to a 
series of low-lying islands and rocks, conferring a measure 
of protection from severe wave action.
The zonation and biomass of the epifaunal organisms 
on the pier pilings were described previously (Pelletier, 
1972). The subtidal portions of the pilings, the main 
focus of the present study, extend to a depth approximately 
2 m below MLW (Figure III-2). A number of horizontal wooden 
crosspieces connect adjacent pilings around the perimeter 
of the pier approximately 2\ - 3 m above the bottom. The 
epifaunal organisms on the surface of the pilings exhibit 
a distinct pattern of zonation. Below MLWS, the substrate 
is dominated by the encrusting sponges Halichondria panicea, 
and Myxilla incrustans, with occassional colonies of the 
sponge Haliclona oculata and Halisarca sp., the tunicates 
Amaroucium spp. and Botryllus schlosseri, and the anemone 
Metridium senile. From approximately MLWS to MLWN the
Figure III-l. Map of Kittery, Maine— Portsmouth, New 
Hampshire area showing location of the 































piling surfaces are dominated by the tubicolous polychaete 
Fabricia sabella. Above this level, extending nearly to 
MHWN, the substrate is almost totally occupied by the 
barnacle Balanus balanoides. Two other barnacle species 
are found subtidally, B. balanus being present primarily 
on the bottom m and B. crenatus mainly on the second m, 
although some overlap between the species occurs. Three 
bivalve species are found on the pilings, with Mytilus 
edulis present in varying numbers from near the base of 
the pilings to approximately MHWN, while Hiatella arctica 
and H. striata are found subtidally in small numbers. All 
of the bivalves are located mainly among the bases of the 
encrusting organisms, or within the shells of dead barna­
cles. The starfish Asterias rubens and the crabs Cancer 
irroratus, Cancer borealis, and Carcinus maenus are the 
major predatory species on the pilings. A large number 
of nudibranchs and hydroids are found seasonally, with 
the hydroid Tubularia spp. dominating subtidally from 
July to late September-early October.
The bottom in the vicinity of the pier is subject 
to a great deal of scouring from tidal currents and wave 
surge. Tidal currents in the vicinity of the mouth of 
Portsmouth harbor often reach speeds of three knots, 
and the scouring action of these currents provides an area 
of bare space at the base of the pilings extending up to a 
height of nearly 25 cm. The bottom beneath the pier is
primarily sand, with occasional rocks and metal scraps 
periodically covered and uncovered by the shifting sand.
MATERIALS AND METHODS
The study area was visited on at least a monthly 
basis, from January, 1972, until January, 1974, with all 
samples taken using SCUBA. At least once each month a 
piling was selected at random, and all the Asterias rubens 
removed and checked for feeding activity. Also on a monthly 
basis, a number of Asterias were selected at random on the 
bottom beneath the pier and checked for feeding activity.
The species of prey was noted, and its length estimated 
to the nearest mm either using a ruler or by eye. The 
starfish were placed in mesh collecting bags and returned 
to the laboratory for later length (length of the longest 
arm to the nearest mm) and wet weight (surface blotted dry 
to remove superfluous moisture) determinations.
Beginning in July, 1972, scrapings were taken from 
the randomly selected pilings to determine the cycles of 
biomass and size distributions of the epifaunal species.
The scrapings were taken at a height of 1 m above the 
bottom for a width of 10 cm around the circumference of 
the piling. They were placed in mesh bags, returned to the 
laboratory, and frozen for later analyses.
In March, 1972, an experiment was initiated to 
determine the effects of predation on the piling communities. 
Pour pilings were chosen as controls, four as starfish 
removal pilings, and four as total predator removal pilings. 
The control pilings were monitored on at least a monthly
basis, and the number and approximate size distributions 
of the predatory species noted. Of the four starfish 
removal pilings, two originally had wire mesh cages 
around their bases to hinder the migration of Asterias 
dnto the pilings. However, in February, 1973* the cages 
were destroyed by a severe winter storm, and the starfish 
thereafter removed by hand. The predator removal pilings 
were also visited at least monthly, and all the predatory 
species, including starfish, various nudibranch species, 
sea urchins (Strongylocentrotus drobachiensis), and ophiur- 
oids (Ophiopholis aculeata) removed. These individuals 
were returned to the laboratory for length and wet weight 
determinations.
During March, 1973* another series of four removal 
pilings was added to the experimental design. All preda­
tory species were removed from these pilings, except for 
Asterias, which were left undisturbed. This manipulation 
was conducted to separate the predatory impact of the 
starfish from other predators.
At the conclusion of the removal studies, in 
January, 1974, scrapings were taken on the sixteen experi­
mental pilings at heights of 1 m and 2 m above the bottom 
to determine any differences in the biomass and numbers 
of species between treatments. The same techniques were 
employed as described for the scrapings from the randomly 
selected pilings.
In March, 1972, a series of four pilings were 
scraped clean to remove all epifaunal species. Two of 
the pilings were caged to exclude starfish, while the 
other two served as controls. These cages were also 
destroyed during February, 1973j with the consequence 
that the starfish were subsequently removed by hand.
This experiment was used to investigate seasonal succession 
patterns in the piling community.
During the course of the removal experiments, 
two non-destructive sampling techniques were used to 
survey changes in the piling communities. The first
o
was a photographic technique in which an area of 1/16 m 
was photographed at a fixed point 1 m above the base of 
the pilings. A computer program was used to generate a 
plot of random numbers, and the percent coverage of the 
epifaunal species determined. The second method con­
sisted of running a line transect from a height of 2 m 
above the bottom to the base of the piling. The under­
lying species were identified, and their sizes recorded 
to the nearest 0.5 cm on an underwater data board.
RESULTS
Seasonal cycles of the piling community
The biomass of the major epifaunal species on the 
pilings was determined on a monthly or bi-monthly basis 
from the summer of 1972 until the summer of 1973* The 
results were grouped on a seasonal basis, and shown in 
Table III-I. The dominant species during each season 
was the sponge Halichondria panlcea. Other Important 
encrusting species were the sponge Myxilla incrustans 
and the tunicate Amarouclum spp. An important biomass 
component of the epifaunal community in the summers of 
both 1972 and 1973 was the hydroid Tubularia spp., forming 
large colonies on the pilings from July-September. (See 
also Figures III-4 and III-5 on percent coverage.)
The numbers of Mytilus edulis and Balanus balanoides 
in the scrapings are also shown in Table III-I. Mytilus 
settles primarily in late June and July (A. Kuzirian, 
personal communication and personal observation), with 
large numbers settling on the abundant Tubularia colonies.
As the Tubularia colonies died off in late September and 
October, most of the colonies sloughed off the pilings 
resulting in a great loss of Mytilus from the piling 
community. Most of the mussels surviving throughout the 
year were found among the bases of the sponge colonies.
The mean monthly sizes of Mytilus are shown in
_  A
Table III-I. Biomass (wet weight/0.1 m2) and numbers (per 0.1 m ) of important 
epifaunal species at 1 m on the pilings in 1972 and 1973. Values 

























Figure III-3. Mytilus sizes (mean - 95% confidence 
interval) available to ( ■ ) and con­
sumed by ( • ) Asterias on the pilings.
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Figure 111-4. Percent coverage of major epifaunal
species on control pilings as deter­
mined from photographic slide data.
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Figure III-5. Percent coverage of major epifaunal
species in 1973 on control pilings as 
determined from transect analyses. See 














B o try llu s
Figure III-3- The largest mussels were found imbedded 
in the sponge colonies, where openings remained per­
mitting water circulation to the outside, or within the 
shells of dead Balanus balanus and B. crenatus. Their 
location within the sponge colonies and barnacles con­
ferred protection from the effects of wave action, water 
borne debris, and predation.
Balanus balanoides settled in large numbers 
during late April and early May of both 1972 and 1973 
(A. Kuzirian, personal communication and personal observa­
tion) , and occupied nearly 100$ of the bare space available 
on the pilings from their bases to MHWN. Due to difficulties 
encountered in scraping the pilings underwater, most of 
the barnacles on the wood surfaces were missed and not 
included in the samples. The numbers of B. balanoides 
in Table III-I therefore represent those found on the 
surfaces of the sponge and tunicate colonies.
Two species of larger barnacles, B. balanus and 
B. crenatus, were found in small numbers on the subtidal 
portions of the pilings. These species reached sizes of 
2.5-3 in basal diameter. The shells of these species 
were often overgrown by sponge tissue, with only the region 
in the vicinity of the opercular opening left free.
The percent coverage of the major epifaunal species 
on the control pilings are shown in Figures III-^ (deter­
mined from photographic slides) and III-5 (determined from
-L?D
transect analyses). The results using the two methods 
are similar, both showing the dominance of primary space 
by Halichondria. However, the transect method is more 
accurate in its indication of the coverage of Tubularia 
during the summer months due to its actual measurement 
of the attachment areas of the colonies. These large, 
upright, branching hydroids obscured the underlying epi- 
faunal species, resulting in inaccurate determinations of 
occupancy of primary space using the photographic technique. 
The large amount of bare space indicated by the transect 
analyses in the fall of 1973 can be attributed to the death 
of the Tubularia colonies leaving large areas of unoccupied 
substratum.
The percent coverage data agrees quite well with 
the biomass estimates with respect to the dominant species 
on the pilings. Halichondria was the most abundant epi- 
faunal species, both in terms of percentage of the sub­
stratum occupied and in its contribution to the total 
biomass. Amaroucium was found in most biomass samples, 
but rarely in the percent coverage determinations, which 
may be due to the small basal area of the tunicate colonies.
The presence of Fabricia in the transect analyses 
was due to differences in the sampling techniques. Fabricia 
was found in a dense band approximately 2 m above the 
bottom (Figure III-2), and was therefore included in the 
transect analyses, but excluded from the scrapings and
photographic samples. The presence of Botryllus in the 
transect samples for the fall of 1973 was due to a parti­
cularly heavy settlement of this tunicate in September of 
that year (A. Kuzirian, personal communication). Prior to 
this date, Botryllus colonies were noted only occasionally, 
the settlement of this species being relatively light in 
1972.
The subtidal portions of the pilings support numerous 
hydroid species, exhibiting distinct spatial and temporal 
patterns of abundance. The enumeration of these species, 
and their cycles of abundance, are the subject of another 
study (A. Kuzirian, in preparation). A list of the most 
important hydroid species, drawn from this study, is 
shown in Appendix A.
157
SEASONAL CYCLES OP ASTERIAS 
Densities and size distributions
The densities of Asterias on the randomly chosen 
pilings, control pilings, starfish removal pilings, and 
all predator removal pilings are shown In Table III-II.
The densities on the randomly chosen pilings were combined 
with those on the control pilings to obtain an estimate 
of the natural densities of Asterias, and shown in 
Figure III-6.
The main period of settlement for Asterias in 
both 1972 and 1973 occurred from late August to early 
October. The smallest Individuals readily observed were 
approximately 5 mm in diameter. The starfish did not 
attain this size in large numbers until November in 
1972, and October in 1973s when the largest densities 
were noted on the pilings (Figure III-6).
The values In Figure III-6 indicate a decrease 
in the number of starfish as one goes up a piling from 
its base. A substantial amount of interchange of starfish 
between the first meter of the pilings and the sand 
bottom is indicated by the number of Asterias removed 
from the removal pilings (Table III-II). The only source 
of starfish for the removal pilings are those migrating 
onto the pilings from the bottom, except during Asterias 
settlement.
The mean monthly sizes of Asterias on the randomly
Table III-II. Mean densities of Asterias on the randomly chosen, control, starfish removal,
and all predator removal pilings. With an average piling circumference of 
1 m, values also correspond to numbers of starfish/m/. Values for removal 




5/72 6/7 2 7/72 8/72 9/72 10/72 11/72 12/72 1/73 2/73 3/7!
3rd m 0 0 0 2.6 5.0 29.0 17.0 0 0 0
2nd m 3.0 5-0 10.0 2 .6 18.0 b 9.o b 9.o 10.0 10.0 6.3
1st m 12.0 13-5 10.0 6.8 11.0 98.0 5b. 0 50.5 17.0 22.1
Control
3rd m 0 1.5 3.0 3-0 3.0 0.5 0.5 0.2 0
2nd m 6.5 9.0 6.3 12.5 11.0 26.5 15.0 3.5 b.5
1st m 15-5 16.0 8.8 lb.5 38.0 35.0 38.0 29.0 29.0
Starfish removal
3rd m 0 0 0 0 1.5 0.8 0 0 0 0 0
2nd m 1.5 0.8 0.8 0.2 20.0 37.5 20.5 6.0 0 0.8 0.5









0 0 o 2.5
0 2.5 4.0 6.0
6.5 12.5 36.0 22.0




0.5 5.0 22.0 1.0
6.0 14.0 70.5 25.0
15.0 50.0 53-0 37.5
0 14.5 12.0 1.0
8.5 34.5 67.0 21.0
18.5 90.0 70.0 30.5
Table III-II continued.
5/72 6/72 7/72 8/72 9/72
All predator 
removal
3rd m 0 0 0 0 13.0
2nd m 1.0 2.5 1.0 1.8 23.0
1st m 15-0 9-3 2.5 k.5 2^.5
*Meter levels refer to height above the bottom
1st m - 0-1 m above bottom
2nd m - 1-2 m above bottom
3rd m - 2-3 m above bottom
10/72 11/72 12/72 1/73 2/73 3/73
9.5 2.5 0 0 0 0
^2.5 31.5 13-5 1.2 0 0
6^.0 58.0 22.5 25.5 2^.0 12.5
4/73 5/73 6/73 7/73 8/73 9/73 10/73 11/73
0 0 0 1.3 1.5 10.7 19.0 8.5
0.8 1.0 14.0 6.0 9-5 44.1 32.0 19-5
6.5 8.7 23.0 23.0 14.0 74.5 29-3 21.0
Figure III-6. Combined densities of Asterias (number/
p
m ) on the randomly chosen and control 




















chosen pilings, starfish removal pilings, all predator 
removal pilings, and the bottom are shown in Table III-III. 
The mean sizes for each month on the lower two meters of 
the randomly chosen pilings and the mean sizes of the 
bottom dwelling starfish are shown for comparison in 
Figure III-7. These values indicate the starfish on 
the bottom are generally larger than those on the undis­
turbed pilings, especially during the months following 
Asterias settlement. Few newly metamorphosed starfish 
were found on the bottom during the fall of 1972 or 1973> 
indicating that the sand bottom was either unattractive 
for settling Asterias larvae, or that the newly settled 
larvae experienced high mortality rates in the unstable 
sediment, or both.
The Asterias removed from the starfish removal 
and all predator removal pilings were considerably larger 
than those on the randomly chosen pilings, and approximated 
the size of the bottom dwelling individuals (Table III-III). 
The starfish found on the upper two meters of the removal 
pilings were often larger than those on the bottom meter, 





Table III-III. Average size (mean ^ 95% confidence interval) of Asterias on the randomly
chosen, starfish removal, and all predator removal pilings, and on the , 
bottom beneath the pier. Upper value for each month, length of longest 




2/72 3/72 4/72 5/72 6/72
2m 17.3j5.70 28.6*20.20 19-3*26.65 5^.0*13.10
2.9*4.81 5.7-8.73 7.9*19.72 24.0*12.10
(n = 28) (n = 7) (n = 6) (n = 10)
lm 26.0*7.40 38.1*11.29 i1-3 .5l7.29 31.8*9.77 33.7*6.12 31.3*6.21
6 .4*4.52 7 .6*4.79 13.5*6.28 9.7*6.95 6.9*2.99 8.2*4.33






lm 27.4l6.98 34.6ll4.31 46.0-21.56 30.2ll5.88 4i.2l7 .l8 29.ll8.39
5.5*3.84 9 .6*8.65 13.8*14.87 6.0*8.69 10.5*5-56 4.2*4.16

























































































































































l m  1 8 . 9 * 2 . 3 0  25. l J3 .i3
2 .2±1.23 4 . 9 * 2 . 0 0
(n = 101) (n = 97)
Starfish removal 
3 m  
2m
l m  1 7 . 1 * 1 . 3 8  2 .27J 2.12
1 . 3 * 0 . 6 7  2 .9* 0.97
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3m 25.8*18.13 10.4*2.01 




















Figure III-7. Average length of the longest arm
(mean ± 95# confidence interval) of 
Asterias on the second (A) and first 
(B) meters of the randomly chosen 


















The feeding cycles of Asterias on the pilings 
and bottom are shown in Figure III-8. The feeding data 
for the pilings represents the combination of all obser­
vations on all the pilings, both experimental and control. 
The main prey species chosen by Asterias were the barnacle 
Balanus balanoides and the mussel Mytilus edulis. Other 
species consumed were the gastropods Lacuna vincta and 
Littorina saxatilis and the bivalves Hiatella arctica 
and H. striata. Occasionally, starfish were observed on 
the bottom feeding on the remains of the crabs Carcinus 
maenus and Cancer spp.
The highest feeding rates on the pilings occurred 
during the warmest months (Figure 1-12), from May to 
December. From January through April the percentage 
feeding on the bottom meter was less than 10$. None of 
the starfish on the upper two meters were observed feeding 
during these months, except for the observation at 3 m 
in January, 1973.
The species chosen on the pilings were dependent 
on prey species availability and predator preference.
On the bottom two meters, Asterias generally chose larger 
numbers of the barnacle Balanus balanoides than other prey 
species from May through October, 1972, and April through 
August, 1973 (Figure III-8). The results of laboratory 
studies (Table I-VIII) suggest that Asterias should prefer
Figure III-8. Percentage of Asterias feeding on
various prey species on the first 
three meters of the pilings and on 
the bottom beneath the pier. NS 
signifies no sample was taken during 
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B. balanoides over M. edulls due to the greater amount of 
energy gained per unit time by the starfish when feeding 
on barnacles than on mussels. Even though Mytilus was 
the dominant prey species available after the month of 
June, when the numbers of barnacles were much reduced 
(Table III-I), Asterias continued to select B. balanoides 
over Mytilus until the barnacles were nearly decimated.
After October, 1972, and August, 1973s Asterias "switched" 
its preference to the more abundant Mytilus, including 
large numbers of the mussels in its diet.
At the 3 m level, Asterias migrated up to the lower
level of the intertidal B. balanoides zone and consumed
the barnacles in August and September, 1972,and July and
/
August, 1973 (Figure III-8). During the other months of 
the year, the starfish at this level confined their foraging 
activity to the lower portion of the third meter, consuming 
mainly the scattered Mytilus found among the Fabricia tubes.
The Asterias on the bottom were largely opportunis­
tic in their choice of prey, feeding mainly on clumps of B. 
balanoides and Mytilus edulis (Figure III-8) dislodged from 
the pilings above by the effects of wave action and water­
borne debris and the foraging activities of crabs. The 
B. balanoides on the intertidal portions of the pilings 
experienced a great deal of crowding, and many "hummock" 
forms were noted. These "hummock" forms are highly un­
stable, and eaily dislodged by wave action and other factors
(Barnes and Powell, 1951). The majority of the barnacles 
consumed by Asterias were of this growth form, Indicating 
their origin as the Intertidal. The starfish also con­
sumed B. balanoides attached to rocks and other objects 
during the months immediately following barnacle settle­
ment. The primary source of the mussels consumed were 
large clumps dislodged from crosspieces above the LW 
mark, approximately 23g-3 m above the bottom.
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PREY SIZE SELECTION
Most of the B. balanoides consumed by Asterias 
on the pilings were too broken apart for size determina­
tions to be made. However, the lack of large numbers of 
barnacles surviving from previous years, and the nearly 
uniform growth rates of the barnacles settling on bare 
surfaces In the springs of 1972 and 1973s resulted In a 
uniform size distribution of barnacles available to the 
starfish. Thus, the starfish were limited as to the 
sizes of B. balanoides they could select.
A significant positive correlation existed between 
the sizes of starfish and Mytilus being consumed (n = 73» 
r = 0.576, p < .001). The average mussel sizes consumed 
by, and average sizes available to Asterias on the pilings 
are shown in Figure III-3. The results of laboratory 
feeding experiments (Table I-VIIb) indicate the optimal 
strategy for Aster,las should be to select the largest 
mussels available. The starfish generally selected the 
larger mussels' available, except in September and November, 
1972, when the Asterias population was dominated by small, 
newly metamorphosed individuals (Table III-III and Figure 
III-7).
The mean sizes of Mytilus consumed by Asterias on 
the bottom beneath the pier are shown in Table III-IV. 
During most seasons, the sizes selected on the bottom were
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Table III-IY. Average Mytllus size In mm being consumed
(mean - 1 S.D.) by Asterlas on the bottom 
beneath the pier. Figure In parentheses 
Is sample size.














significantly larger than those consumed on the pilings.
No estimates of prey size availability were made, as a 
majority of the mussels on the bottom were being consumed 
by starfish or other predators (primarily Cancer spp.). 
Therefore, it was assumed that the starfish were utilizing 
the entire size range of mussels available.
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PREDATION IMPACT OP ASTERIAS ON MYTILUS POPULATIONS
The percent mortality of Mytllus on the pilings 
attributed to Asterlas predation In the warmer months of 
the year Is shown In Table III-V. The average consumption 
rate of 3.3 mussels/starfish/day, as determined from 
laboratory feeding experiments (Table (I-V), was used in 
the calculations. No estimates of the feeding rates of 
Asterlas were made for the colder months of the year, 
precluding mortality estimates during this time.
Prior to the main period of Mytilus settlement in 
1973s Asterlas predation resulted in a substantiai:.propor- 
tion of the observed mussel mortality (29%, May, 1973). 
During periods of greatest Mytilus abundance, following 
settlement, when mortality from other causes was high, 
especially that associated with the senescence of Tubularla 
colonies, mortality from starfish predation was low (values 
for September, 1972, and August, 1973). After the crash 
of the Tubularla population, when the densities of Mytilus 
were much reduced (Table III-I), the'percent mortality 
attributed to Asterlas predation increased (18.15?, October, 
1972). In sum, when the Mytilus populations on the pilings 
were dominated by large numbers of small individuals 
(immediately following settlement) (Table III-I and Figure 
III-3), mortality from Asterias predation was low, while 







III-V. Percent mortality of Mytilus on the pilings due to predation by 
Asterias. Values shown for each month are
2
number of Mytilus consumed by Asterias/m
-------------------------------------------- = % mortality due to Asterias
mortality of Mytilus/m2 predation
2
Number of Mytilus consumed by Asterias/m = average feeding rate of 
Asterias (3-3 mussels/Asterias/day) x density of Asterias/m ^ .










mortality due to starfish predation was high.
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OTHER PREDATORS AND GRAZERS
Other large predators observed were the crabs 
Cancer borealis, Cancer Irroratus, and Carclnus maenus . 
These species are primarily scavengers, and fed mainly on 
dislodged barnacles and mussels, dead fish, and dead crabs. 
Walne and Dean (1972) found a minimum consumption rate of 
M. edulis by C_. maenus in the winter of 0.11 mussels/crab/ 
day and a maximum summer rate of 3.1^ mussels/crab/day.
Although Strongylocentrotus drobachiensis is pri­
marily an herbivore, it is known to dislodge and crush 
barnacles during its grazing activities (Wiltse, 1973). 
Urchins larger than 10 mm in diameter were seldom found, 
and, indeed, even these small individuals were quite rare.
Flounders (Pseudopleuronectes americanus and Liop- 
setta putnami) were occasionally abundant on the bottom 
beneath the pier. Cunner (Taut.agolabrus adspersus) were 
relatively abundant during the spring and summer months, 
but were not see foraging on the pilings. This species 
is more abundant in rocky subtidal locations than in sandy 
bottom areas (personal observation), and may be an impor­
tant predator on rocky, subtidal epifaunal species 
(L.Harris, personal communication). Lobsters (Homarus 
americanus) were seasonally abundant on the bottom, but 
were never found foraging on the pilings. Lobsters 
occasionally prey on Asterias in rocky subtidal areas 
(personal observation, and P. Langer, personal communica-
1 8 2
tion), but were never observed feeding on starfish at 
the present study area.
Other predators on the pilings are numerous 
species of nudibranchs, whose cycles of abundance and 
feeding are the subjects of two studies currently in 
progress (L. Harris and A. Kuzirian, in preparation).
A list of the most important nudibranch species and their 
prey is shown in Appendix B. The majority of the species 
are coelenterate feeders3 except for Onchidoris fusca, 
feeding on B. balanoides, and Coryphella verrucosa 




Effects on the eplfaunal community
The effects of the predator removals on the 
eplfaunal community were determined using both percent 
coverage and biomass data. Percent coverage analyses 
using the photographic technique were conducted at inter­
vals from July, 1972, until September, 1973s (Table III- 
VI). The removals resulted in essentially no differences 
in the occupancy of the primary substratum space by the 
two major epifaunal species (Halichondria and Myxilla).
The significant differences noted between treatments in 
July and September, 1972, and September, 1973» can be 
attributed to the difficulties encountered using this 
technique when Tubularla was abundant.
The differences in the percent coverage of Tubularla 
in July, 1972, and August, 1973s was due to the patchy 
distribution of this hydroid, and not to any real diff­
erences between treatments. The differences in percent 
coverage of B. balanoides between the control and starfish 
removal and total predator removal treatments in July,
1972, and April, 1973s were due to the decrease in preda­
tion pressure from Asterias on the removal pilings, with 
the consequent increased survival of the barnacles.
The percent coverage data using the transect 
technique is shown in Table III-VII. No differences
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Table III-VI Percent coverage of epifaunal species at 1 m on each of the series of 
treatment pilings as determined "by the photographic technique. Values 
for each date are mean - 95$ confidence interval. Treatment designations 
are as follows: C-Control, S-Starfish removal, P-Total predator removal,
A-Predator removal and starfish present. Significant differences deter­
mined by t-test for comparison of two means, and by Scheffe's test 

























Halichondria 15-2*9.7 4-3.5*35-6 N.S.
Myxilla 21.3*22.9 4-.4-*2.6 *
Tubularia 61.2*6.4 4 3 .2*27.5 N.S.
Table III-VI continued.
B. balanoides 1.7*5-4 1.0-1.3
Bare 0.7*2.2 5-4*4.1
Treatment





B. balanoides 0.7*1.3 0.2*0.4
Amaroucium 0 0



























August, 1973 C S
Halichondria 39*6-11.6 35.2-22.3
Myxilla 1^.6±17.5 2.1±2.3
Tubularia,, 29. 2±13 .4 59 * 2-21.8
Amaroucium 1.7-2.6 0
Botryllus 0 0
Bare 1.5-1 -9 3 *^2.0
o .3*1.0































Table III-VI continued 
September, 1973
Halichondria 4-2.0*16.3 52.3-18.1 38.6*24-. 0 31.1*l4-.l N.S.









Tubularia 36.4-*19.8 37.4-*l5 .3 38.8*14-. 1 4-6.2*10.4- N.S.
Amaroucium 0.3*0.4- 0 0 0 .3*0.7 N.S.
Botryllus 3 .8*4-.3 0 9.2*14-.4- 0 N.S.
Bare 12 .8-15 .1 9.8-5 .4- 9.0*]-. 6 3 .2*1.0 N.S.
^"Significance between treatments are as follows
* significant at .05 level; ** significant at .01 level
*** significant at .001 level; N.S. no significant difference
Table III-VII Percent coverage of epifaunal species on each of the series of treatment 
pilings as determined by the transect analysis technique. Values for 
each date are mean - 95% confidence interval. See Table III-VI for 




































Bare 31.7*32.3 27.4*30.5 37.2*28.8 37.1*22.8 N.S.
Other species: Amaroucium sp., Botryllus schlosseri, Balanus balanoides, various hydroids
Summer, 1973
Halichondria 39-6*7.2 37.8*28.2 44.1*22.1 36.4*21.5 N.S.
Myxilla 17.1*13.8 13-3*7.3 14.0*17.0 23.4*15.6 N.S.
Fabricia 3-2*3-5 6.7*10.2 17.4*25.9 4.0*3.0 N.S.
Table III-VII continued.
Tubularia 12.4*22.6 0.4*0.8 2 M 2  .4 8 .9*12.6 N.S.
B . balanus 
and crenatus 0 1 .2*1.8 0 .5*1.6 0 .4*1.3 N.S.
Bare 25.3*14.2 39.7*18.9 21.4*11.1 20.7*11.9 N.S.
Other species: Amaroucium sp., Sertularia sp.
all, 1973
Halichondria 26.2*25.0 32.7*21.8 22.2*18.8 25.0*18.8 N.S.
Myxilla 22.0-10.3 12.3*9.7 17.5*23.9 25.8*23.4 N.S.
Fabricia 3 .6-7.2 6.0*8.4 7-4*3.5 6.2*11.3 N.S .
Tubularia 1.1*3-5 4.7*6.5 2 .9*9.2 0 N.S.
Botryllus 7.6*19.3 7.0*10.3 10.0*3.3 3 .0*3.2 N.S.
B . balanus 
and crenatus 0 .2*0.5 2.0*2.4 0.8*1.9 0.6*1.4 N.S.
Bare 40.5*37.7 32.8*16.2 36.8*22.8 38.2*37.5 N.S.
Other species: Amaroucium sp., Electra sp,1
1 9 0
existed In the substratum occupied by the two major 
epifaunal species, Halichondria and Myxilla, for any of 
the sample periods. The significant difference In the 
percent coverage of Fabricia In the spring may be attri­
buted to Its location as a distinct band In the vicinity 
of MLW (Figure III-2). As the upper end of each transect 
was located 2 m above the bottom, Its position within the 
Fabrlcla zone was determined by the degree of scouring 
beneath the pilings, resulting In a variation of as much 
as 10 cm.
The absence of Amaroucium from the total predator 
removal and starfish removal treatments, and of Balanus 
crenatus and B. balanus from the control pilings in the 
summer was due to the small size and patchy distribution 
of these species. Neither of these two barnacle species 
were observed to be consumed by Asterias or other predators, 
as their large size and the frequent overgrowth of their 
shells by sponges probably conferred a measure of pro­
tection from predation.
The absence of Tubularia from the predator removal—  
starfish present pilings in the fall was due to the natural 
demise of this hydroid. The transects on these pilings 
were measured after the death of the Tubularia colonies, 
while those on the other treatment pilings had been measured 
prior to the "crash".
Biomass determinations of the major epifaunal
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species at 1 and 2 m above the bottom were made in January, 
1 9 7 (Table III-VIII). These results Indicate no differ­
ences between treatments in the biomass of the two domi­
nant epifaunal species, Halichondria and Myxilla, at either 
the 1 or 2 m heights. There were also no differences 
between treatments in the biomass of Botryllus, which 
made its first appearance in any abundance on the lower 
portions of the pilings in the fall of 1973. The absence 
of Amaroucium at the 1 m height on the starfish removal 
pilings was due to the patchy distribution of this tuni­
cate. The significant difference between treatments in 
the biomass of Fabricia at 2 m can be attributed to the 




Table III-VIII. Biomass of epifaunal species at 1 and 2 m heights above the bottom on each
of the series of treatment pilings at the conclusion of the removal studies. 
Values are in grams wet weight (mean - 95$ confidence interval). See Table 
III-VI for designation of treatments and significant differences between 
treatments.



































23.4*38.8 41.1*40.7 5-5*9.2 N. S.
11.0*22.0 1.8*4.8 4.6*10.5 N.S.
11.6*12.7 5 .2*4.5 2.5±3.2 C S “ P A
C - * N.S. N.S.






Other species: Balanus balanoides, B. crenatus, Amaroucium sp., Botryllus
schlosseri
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EFFECTS ON MYTILUS SIZES AND NUMBERS
The numbers and sizes of Mytllus In the scrapings 
taken at the conclusion of the removal studies are shown 
in Table III-IX. At the 1 m level, the substratum was 
dominated by the sponges Halichondria and Myxilla (Tables 
III-I and III-YI). At the 2 m level, a greater area was 
available for attachment by Mytilus, due to the decrease 
in the coverage by the sponges, and larger numbers of 
mussels occupied the piling surfaces between the bases of 
Fabricia tubes.
Significant differences in Mytilus densities 
between the 1 and 2 m heights occurred on the starfish 
removal and total predator removal pilings. This indi­
cates that periodic removal of the starfish, with the sub­
sequent decrease in predation pressure at 2 m due to the 
low rates of migration back to this height (Table III-II), 
resulted in the increased survival of Mytilus. On the 
control and other predator removal-starfish present pilings, 
aggregations of starfish were observed at the 2 m level 
feeding on Mytilus. The mussels were mostly decimated 
below these aggregations, while large numbers remained 
above the concentrations of foraging starfish.
No significant differences were found between 
treatments in the densities of Mytilus at 1 m. This can 
be attributed to predation on the mussels, by the star-
19
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Table III-IX. Average numbers and sizes of Mytilus (mean - 95f° confidence interval) 
remaining on the four series of treatment pilings at the conclusion 
of the removal period. See Table III-VI for designation of treatments 
and significance of differences between treatments.














26.0*17.3 35.0*32.1 All combo's N.S.

















1 m 1.61*0.12 1.83*0.14 1.80*0.19 1.75*0.13 All combo's N.S.
2 m 1.58*0.09 1.53*0.05 1.58*0.08 1.54*0.09 All combo's N.S.




fish migrating on to the pilings between removal periods.
i
However, the numbers of mussels remaining on the starfish 
removal pilings at the 2 m level were significantly greater 
than the numbers on the control or other predator removal- 
starfish present pilings. This indicates increased survi­
val of the mussels at reduced densities of their primary 
predator (Asterias). The numbers of Mytilus remaining on 
the total predator removal pilings were greater than 
(but not significantly at the .05 level) the numbers on 
the control and other predator removal-starfish present 
pilings. This may be due to the inadequate removal of 
starfish from this series of pilings.
There were no significant differences in the Mytilus 
sizes remaining at either the 1 or 2 m levels between the 
four treatments. Significant differences in mussel sizes 
between the 1 and 2 m heights existed in three of the four 
treatments. Mytilus grows more rapidly and attains larger 
sizes in subtidal situations(such as found at 1 m) than in 
intertidal situations (such as at 2 m) (P. Clark, personal 
communication). The larger sizes found at 1 m on the star­
fish removal and total predator removal pilings can perhaps 
be attributed to reduced Asterias predation levels. One 
would expect this result upon the removal of a predator 
selecting the larger sized prey available. However, one 
would not expect the significant difference in Mytilus 
sizes between 1 and 2 m levels on the other predator
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removal-starfish present pilings. The final average 
starfish density on this series of pilings was signi­
ficantly less than on the control pilings (t = 2.73s 
6 d.f., p < .05)s so this difference may be due to lower 
levels of starfish predation on these pilings.
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EFFECTS ON BALANUS BALANOIDES
The settlement of Balanus balanoides on the subtidal 
portions of the pilings was heavy In April and May of both 
1972 and 1973- By the end of May In both years, B. bala­
noides dominated the available bare space, with large 
numbers of barnacles on the surfaces of sponge colonies 
as well. On the control pilings, the barnacles were largely 
decimated by the end of June through the combined effects 
of predation by Asterias and overgrowth by the sponges 
Halichondria and Myxilla. Scattered barnacles persisted 
throughout the year until the next settlement period.
Even though Asterias was not totally excluded from 
the removal pilings, the decreased predation levels, espe­
cially near the 2 m level, permitted the increased survival 
of B. balanoides on bare surfaces. However, the growth 
rates of the sponges (see Table III-XI), coupled with the 
generally small size of the bare spaces above the area 
scoured clean near the base of the pilings (mean patch 
size of bare spaces often less than 3-5 cm), resulted in 
the overgrowth of large numbers of barnacles. Few barna­
cles remained on the removal pilings by the end of July.
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EFFECTS ON ASTERIAS AND OTHER PREDATORS
At the conclusion of the removal studies, all 
predatory species were removed from the four sets of 
treatment pilings, counted, and sized. The mean sizes 
of Asterias are shown in Table III-X. The Asterias from 
the starfish removal and total predator removal pilings 
were larger than those on the control or other predator 
removal— starfish present pilings, due to the migration 
of large starfish on to the pilings between removal 
periods, as previously discussed.
If food is a limiting resource in competition 
between species, then the removal of one or more competing 
species should result in an increase in size or density, 
or both, of the remaining competitor. One would expect 
greater sizes and/or densities of Asterias on the other 
predator removal-starfish present pilings than on the con­
trol pilings if competition is occurring. Weight is a 
better measure of size in Asterias than is length in this 
instance, because with increased consumption rates, the 
starfish will increase proportionally more in weight than 
in the linear dimension. No significant differences in 
weight were found between the two treatments (Table III-X). 
Also, the densities on the control piling were significantly 
greater than on the other predator removal— starfish 














Average length (mm) and weight (wet weight in g) of Asterias remaining 
on the treatment pilings at the conclusion of the removal study.
Values are mean * 9 C.I. Other species and their numbers also 
listed for control and starfish removal pilings. See Table III-VI 





18.9*2.5 23.0*3.8 2 k . 0-2.9 l ^ M l . k  C vs. A, *
k .1*2.0 4.1*2.1 5*5*1.5 2 .3*0.8 C vs. A, N.S.
Henricia M. lapillus(l)
sanguino1enta S . drobachien- 
Cl) sis (l)
C. salmonacea 0. aspera (3)
(1) L. saxafilis (l)
0 . aspera (5 )
1^.9*3.1 16.1*12.0 17 .k-k .7 I5.k±k.k C vs. A, N.S.
0.9*0.7 3 .6*1^ A  2.5*2.1 2. k ± 2 .7 C vs. A, N.S.
0 . aspera (l)
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opposite of the expected result If food were limiting.
The above results indicate that food is not a 
limiting resource in competition between Asterias and 
the other predatory species removed from the pilings.
During periods of low availability of the primary prey 
of Asterias (B. balanoides and M. edulis) in the winter 
months (Table III-I), the percentage feeding was much 
reduced (Figure III-8). Few starfish were foraging on 
the piling surfaces, most being found in crevices between 
sponge colonies. This was perhaps a response to low 
water temperatures (Figure 1-12), which greatly reduced 
the- activity of Asterias, to decreased food availability 
on the pilings, to increased wave action leaving the 
starfish on the surfaces more vulnerable to dislodgement, 
or to some combination of these factors.
Four other predatory species consumed either B. 
balanoides or Mytilus. The barnacle feeding nudibranch 
Onchidoris fusca was found in large numbers in the lower 
portion of the intertidal B. balanoides zone (approximately 
3 m above the bottom) in the fall of 1972. However, 0. 
fusca was rarely observed on the subtidal portions of 
the pilings.
The crabs Cancer borealis, Cancer irroratus, 
and Carcinus maenus ranged along the entire height of 
the pilings, occasionally consuming Mytilus and B. bala-
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noides. Unfortunately, the removal procedures were not 
effective for these predators, and the Impact of their 
predatory activities is not known. However, the majority 
of the crabs foraged on the bottom beneath the pier and 
not on the pilings.
Other predatory species remaining on the control 
and starfish removal pilings are shown in Table III-X.
The results indicate the presence of small numbers of 
other predators, with essentially no differences between 
the control and starfish removal treatments in either 
species presence or species number. The nudibranchs and 
gastropods were rare and patchily distributed, so the 
absence of C. salmonacea from the starfish removal and 
of N. lapillus and L. saxatilis from the control pilings 
is not considered significant.
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COMPETITION BETWEEN EPIPAUNAL SPECIES
The results of encounters between the major 
epifaunal species, where one species overgrew another, 
and their growth rates are shown in Table III-XI. These 
results indicate that Amaroucium has the ability to con­
sistently overgrow both of the sponge species. However, 
Amaroucium formed a small percentage of the total epi­
faunal community, both in terms of the area of substrate 
covered (Table III-VI and III-VII) and biomass (Tables 
III-I and III-VIII). This is perhaps due to the pre­
dominant growth form of this species, in which it grows 
vertically out from the piling instead of horizontally 
along the surface, to the infrequent and sparse settlement 
of larvae, to natural senescence in the spring, or to 
predation by Coryphella salmonacea.
Pew encounters between Myxilla and Halichondria 
resulted in the overgrowth of either species. In numerous 
examinations of the zone of contact between the species, 
it was often difficult to detect a clear separation between 
colonies. Also, the growth rates of the two species were 
not significantly different (Table III-XI). Myxilla made 
its first appearance in any abundance on the pilings 
scraped clean in March, 1972 ,over a year after the appear­
ance of Halichondria. Perhaps vagaries of reproduction or 
recruitment (infrequent spawning or settlement) reduces
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Table III-XI. Results of encounters between, and growth 
rates of, the major epifaunal species pre­
sent on the pilings. Significance of diff­
erence between numbers of overgrowths deter­
mined by binomial test. See Table III-VI 
for designation of significance levels.
Percent of encounters 
in which species over­
grew the other species 
Species pairing in the pair____________ Binomial test
Amaroucium 65.2$
vs.(n = 46) *
Halichondria 34.8$
Amaroucium 100$
vs. (n = 6) *
Myxilla 0$
Myxilla 15%
vs. (n = 4) N.S.
Halichondria 25$
Species Growth rate (cm/month)
(mean ± 95$ C.I.)
Halichondria (n = 27) 0.51-0.15
Myxilla (n = 16) 0.26±0.17
Botryllus (n = 17) 0.75-0.26
Amaroucium (n = 3) 0.61-0.35
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the ability of Myxilla to colonize bare space when avail­
able , resulting in its lower abundance on the pilings.
Many dead B. balanoides and M. edulis were over­
grown by the two sponge species, mainly at the base of 
the colonies at the sponge-piling interface. Occasional 
larger living specimens of Mytilus (>■ 5 mm in length) 
were found in crevices between and within colonies, 
suggesting that the mussels may achieve an escape from 
predation in these locations. However, the survival of 
these mussels is uncertain, as the sponge colonies may 
eventually overgrow them, resulting in their death.
Large specimens (2-3 cm basal diameter) of Balanus 
balanus and B. crenatus were often found with their 
shells encrusted by sponges. The area of the operculum 
was free of sponge tissue, indicating that these large 
barnacles can avoid complete smothering by continued 
beating of their cirri. Dead barnacles were occasionally 
found completely enveloped by sponge tissue, but the 
cause of mortality was unknown.
Botryllus has the ability to achieve relatively 
rapid growth rates (Table III-X). Although the results 
of encounters between Botryllus and other epifaunal 
species were never observed, Botryllus is probably a 
poor space competitor. Even though the percent coverage 
of this tunicate increased in the summer of 1973, most 
of the increase was the result of settlement and growth
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on the bottom 25 cm, an area periodically scoured clean, 
or in large areas of bare space on the upper portions of 
the pilings, where contacts with other species were rare.
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DISCUSSION AND CONCLUSIONS
The subtidal piling community described here is 
unique among those marine communities studied* in that 
the competitive dominants for space (Halichondria and 
Myxilla) have no natural predators. Other biological 
factors resulting in the provision of free space, such 
as the effects of grazers in the intertidal (Dayton,
1971), are also absent. The only grazing species, the 
urchin S. drobachiensis, is small and rare, and its 
ability to create free space by the disruption of actively 
growing sponge colonies is minimal.
The main provider of primary space in this commu­
nity appears to be physical disturbance resulting from 
wave action and the effects of floating debris. Obser­
vations made after periods of heavy wave action revealed 
large chunks of sponge colonies to be missing, with the 
consequent provision of bare space. Logs have been found 
wedged between the pilings, in areas where sponge colonies 
were destroyed.
Another source of free space is the natural death 
of the sponge colonies. Numerous colonies of Halichondria 
were noted in various stages of senescence, with no ob­
servable external causes (e.g. predation). Subsequent 
observations revealed the colonies to be missing, and the 
piling surface exposed.
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The predatory activities of Asterias can be an 
important temporary provider of space in the community.
This is indicated by the prolonged survival of B. bala-r 
noides on the bare surfaces of the starfish removal 
pilings. However, even at reduced levels of predation 
by Asterias, the barnacles were overgrown by the sponges.
Mytilus edulis may be an important competitor for 
space with the sponges. However, the importance of 
Mytilus is dependent on the availability of space at the 
time of settlement, and the relative growth rates of the 
mussels and sponges. Both Halichondria and Myxilla over­
grew mussels up to 10 mm in length. In the total absence 
of predation, Mytilus may be able to attain a size at 
which it can escape the smothering effects of the sponges, 
although this size was not determined.
On horizontal crosspieces above MLW, Mytilus 
completely dominated the primary space in the absence of 
predation by Asterias, and competition from sponges and 
other sessile invertebrates, forming large clumps with 
individuals up to 10-12 cm in length. Harger and Landen- 
berger (1971) reported that clumps of large Mytilus edulis 
become unstable over time, and are increasingly susceptible 
to dislodgement by wave action as the clumps increase in 
size. Large numbers of mussels were dislodged from these 
crosspieces by the effects of wave action, forming a major
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source of food for the bottom dwelling predators. Thus, 
even if Mytilus could achieve an escape from predation 
and competition in the subtidal, the mussels probably 
would not dominate the primary space due to the dis­
ruptive effects of periodic storms.
The removal of the major predator resulted in 
essentially no change in the number of species or domi­
nance relationships among the species of this community. 
Paine (1966, 1971) found that the removal of the ’’keystone" 
predators from the rocky intertidal communities studied 
resulted in a decrease in the number of species, and 
increased dominance by the competitively superior species. 
Therefore, it appears there is no one species which can 
be considered a "keystone" predator in this subtidal 
community, i.e. there is no species capable of altering 
the outcome of competition between the space competitors 
through its predatory activities. The three crab species 
may contribute heavily to mussel mortality, and their 
predation effects on the piling community warrant further 
investigation.
The structure of this community is dependent 
mainly on the results of competitive interactions between 
the major epifaunal species. Halichondria panicea, the 
largest space occupier, appears to be the competitive 
dominant. Myxilla incrustans, the second most important 
species in terms of area covered, does not appear inferior
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with regard to Its ability to overgrow Halichondria or 
in its rate of growth. Myxilla * s position as the second 
most dominant species may be attributed to its inability 
to rapidly colonize the piling surfaces when space be­
comes available.
Based on its ability to overgrow other species, 
Amaroucium has the opportunity to be the competitively 
superior epifaunal species. However, its minor role as a 
space occupier is probably due to its predominant growth 
form, vagaries of reproduction and settlement, natural 
senescence, and predation effects. Of all the epifaunal 
species, Botryllus schlosseri appears to be the most 
inferior species competitively. Even though it achieved 
rapid growth rates, most of its successful colony growth 
occurred on large areas of bare space, free from competi­
tion with other species.
The structure of this community is also dependent 
on temporal aspects in the provision of free space, and 
the successful colonization of these areas by the epi­
faunal organisms. The substratum will be colonized by 
whichever species has its larvae in the plankton when 
space becomes available (e.g. Botryllus during the summer 
of 1973)- As competition appears to be the main biolo­
gical structuring force, the subsequent success of the 
species is dependent on its competitive abilities relative 
to other species in the immediate vicinity. Thus, the 
community is in a state of dynamic equilibrium, with physi­
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cal factors, playing the major role in creating areas 
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APPENDIX A





















Common Nudibranch Species, and Their Probable Prey 
Species, Pound on the Pilings at Gerrish Island.
Nudibranch 
Suborder Doridacea
Family Lamellidorididae 
Onchidoris fusca 
Onchidoris aspera
Family Polyceridae 
Palio lessoni
Family Okeniidae 
Ancula cristata
Suborder Dendronotacea
Family Dendronotidae 
Dendronotus frondosus
Family Dotonidae 
Doto coronata
Suborder Aeolidacea 
Family Coryphellidae 
Coryphella salmonacea
Prey Species 
Balanus balanoides
Ectoprocts
Ectoprocts?
Tubularia spp.
Thuiaria argentea, 
Obelia geniculata 
Sertularia pumila
Amaroucium sp.
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Nudibranch 
Coryphella stellata 
Coryphella verrucosa 
rufibranchialis
Family Aeolidiidae
Aeolidia papillosa
Family Eubranchldae
Eubranchus exiquus 
Eubranchus pallidus
Family Catrionidae
Catriona aurantia 
Cratena pilata
Family Facelinidae
Facelina bostoniensis
Family Cuthonidae
Cuthonna concinna 
Tergipes despectus
Prey Species 
Eudendrium despar 
Botryllus schlosseri, 
Eudendrium despar, 
Clava leptostyla 
Sarsia mirabilis
Metridium senile
Obelia commisuralis 
Thuiaria argentea
Tubularia spp. 
Tubularia spp.
Tubularia spp.
Thuiaria argentea 
Obelia commisuralis 
Obelia geniculata
Campanularia flexuosa
